Low-overhead Optical Flow Based Robot Navigation by Dey, S.
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7KLVZRUNKDVEHHQUHDOL]HGLQ3LWWVEXUJKDWWKH5RERWLFV,QVWLWXWHRIWKH&DUQHJLH0HOORQ8QLYHUVLW\XQGHU
VXSHUYLVLRQRI3U,OODK1RXUEDNKVK
,ZRXOGOLNHWRDSRORJL]HIRUDOOPLVVSHOOLQJVDQGJUDPPDUHUURUVLQWKLVSDSHU

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
9LVLRQLVEHFRPLQJPRUHDQGPRUHLPSRUWDQWLQURERWLFV$VWKHFRPSXWDWLRQSRZHUJURZVDQGVL]HUHGXFHV
WKHXVHRIYLVLRQIRUURERWQDYLJDWLRQWHQGVWRJHQHUDOL]HHYHQIRUKREE\LVWV&XUUHQWO\WKHUHDUHWKUHHPDLQWRSLFVLQ
PRELOHURERWLFVZKHUHYLVLRQLVPRVWXVHG

 URERW QDYLJDWLRQ µRSHQ ORRS¶ QDYLJDWLRQZLWK RQO\ D YLVXDO IHHGEDFN IRU DYRLGLQJ REVWDFOH DQGRU SDWK
SODQQLQJILQGLQJ
 URERWORFDOL]DWLRQILQGLQJWKHSRVLWLRQRIWKHURERWLQDPHWULFRUWRSRORJLFPDSRQO\RQWKHEDVHRIYLVXDO
IHHGEDFN
 JHVWXUHIDFHSDWWHUQUHFRJQLWLRQIRUJLYLQJRUGHUVWRDPRELOHURERW

7KLVSURMHFWEHORQJVWRWKHILUVWFDWHJRU\%DVHGRQWKHIDFW WKDWD ORWRI OLYLQJWKLQJV LQDQ\FDVHWKHKLJK
HYROYHGRQHVRQHDUWKPDLQO\EDVHWKHPVHOYHVRQWKHLUYLVLRQIRUWKHLUGLVSODFHPHQWLQWKHUHDOZRUOGHYHQLQVHFWV
GRWKDW  LW LVVXUHO\SRVVLEOHWRGHYHORSDYLVLRQEDVHGV\VWHPWKDWZRXOGDOORZDPRELOHURERWWRQDYLJDWH LQUHDO
ZRUOGXVLQJDYLVXDOIHHGEDFNIURPDFRORUFDPHUD7KHFXUUHQWZRUNWDNHVSODFHLQDZLGHUSURMHFWWKDWGHDOVZLWKWKH
GHYHORSPHQWRIDQHZYLVLRQEDVHGURERWLFV¶VHQVRUZKRVHDLPZRXOGQRWEH WRUHSODFHDOORWKHUVVHQVRUVEXW WR
SURYLGH D YLVLRQEDVHGDOWHUQDWLYH IRU VRPHRI WKHPZLWK WKH SULQFLSDO DGYDQWDJH WR EH DEOH WR FRPELQHPXOWLSOH
VRXUFHVRILQIRUPDWLRQLQDQXQLTXHVHQVRUDFDPHUD7KHORQJWHUPLGHDVZHZRXOGOLNHWRDFKLHYHDUH

 YLVLRQEDVHGRGRPHWU\
 YLVLRQEDVHGREVWDFOHDYRLGDQFH
 UHFRJQLWLRQRIREMHFWVSODFHVODQGPDUNV«

:HDOVRZDQWWRLPSRVHUHVWULFWLRQVLQWHUPVRIFRVWVDQGFRPSXWDWLRQDOSRZHULQIDFWERWKDUHOLQNHG:H
ZDQWWREHDEOHWRXVHFKHDSFDPHUDVDQGORZFRVWERDUGVVRWKDWWKHHYHQWXDOJRRGUHVXOWVZHKDYHFRXOGEHXVHG
E\DQ\URERWLFHQWKXVLDVW7KHZRUNGHVFULEHGLQWKLVSDSHUGHDOVZLWKWKHSUHPLVHVRI WKLV ORQJWHUPGHYHORSPHQW
:HFKRRVHWRILUVWIRFXVRQWKHXVHRIRSWLFDOIORZWRDFKLHYHPRYHPHQWUHFRJQLWLRQJXLGDQFHHJXVHRIRQO\YLVXDO
IHHGEDFNWRJXLGHWKHURERWRQDVWUDLJKWFRXUVHDQGREVWDFOHDYRLGDQFH
2SWLFDOIORZLVQRWDPRGHUQLQYHQWLRQLWLVRQHRIWKHPXOWLSOHPHWKRGVXVHGE\VRPHLQVHFWVRQWKHHDUWKWR
JDWKHU LQIRUPDWLRQDERXW WKHLU HQYLURQPHQW ,QGHHGEHHV IO\LQJ LQ D FRUULGRU IRUH[DPSOH HTXDWH WKHRSWLFDO IORZ
PDJQLWXGHVRQHDFKVLGHRIWKHLUKHDGLQJWRVWD\DSSUR[LPDWHO\LQWKHFRUULGRU¶VFHQWHU>@>>@LQVHFWVXVHRSWLFDO
IORZWRFRQWUROWKHLUVSHHGDQGPRYHPHQWLQREVWDFOHDYRLGDQFHDQGKXPDQVHHPWRXVHLWWRR>@
0RVW RI WKH UHFHQWZRUNV RQRSWLFDO IORZ FRQFHQWUDWH WKHPVHOYHV RQKDYLQJ WKHPRVW DFFXUDWHPRYHPHQW
UHSUHVHQWDWLRQZLWKDKLJKUHVROXWLRQWREHDEOHWRUHFRQVWUXFWJHRPHWULFGHWDLOVRIWKHUHDOZRUOG7KHVHZRUNVZKHQ
WKH\VXFFHHGKDYHWKHGLVDGYDQWDJHWRQHHGDORWRISURFHVVLQJSRZHUDQGRUWREHXQXVDEOHLQUHDOWLPHDSSOLFDWLRQ
OLNH URERWQDYLJDWLRQ WKXVZHQHHG WR ILQGDPHWKRGDOORZLQJXV WRXVHRSWLFDO IORZ LQD UHDO WLPHPDQQHUDQG WR
H[WUDFWIURPLWXVHIXOLQIRUPDWLRQIRUURERWQDYLJDWLRQ:HGRQ¶WZDQWWRIRFXVRQTXDQWLWDWLYHGLVWDQFHPHDVXUHPHQWV
DQGJHRPHWULFDOUHSUHVHQWDWLRQVRIWKHZRUOGEXWVLPSO\WDNHWKHTXDOLWDWLYHPHDVXUHPHQWVIURPRSWLFDOIORZDQGXVH
WKLV WR GHWHUPLQH D URERW QH[W DFWLRQ0RUHRYHU FRQWUDU\ WRPRVW RI WKH H[LVWLQJZRUNVZKLFK DUH XVLQJ LQWHQVLW\
LPDJHVZHDUHJRLQJWRXVHDOOUJEFKDQQHOVVHSDUDWHO\

%\GHILQLWLRQRSWLFDOIORZLVWKHDSSDUHQWPRWLRQRIOXPLQDQFHSDWWHUQVLQWKHLPDJHV,WLVLQIDFWDYHFWRUILHOG
JLYLQJXVWKHSUHVXPHGPRYHPHQWRIWKHSL[HOVLQDVFHQHE\DVVXPLQJWKDWWKHLUFKDUDFWHULVWLFVVWD\FRQVWDQWRYHU
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


WLPH8QGHUQRWWRRUHVWULFWLYHDVVXPSWLRQVRSWLFDOIORZFDQEHDVVLPLODWHGWRWKHPRWLRQRIREMHFWVLQDVFHQHRUWR
WKHPRYHPHQWRIDFDPHUDLWVHOI
7KH ILUVW VWHSRIRXU FXUUHQWSURMHFWZLOOEHJLYHQRXUPDWHULDO UHVWULFWLRQV WR ILQGDPHWKRG WRH[WUDFW LQD
TXDOLWDWLYHZD\WKHPRYHPHQWRIDFDPHUDLQVSDFHRQWKHRQO\EDVHRIRSWLFDOIORZ7KHQZHZLOOXVHWKHVHUHVXOWV
DQG WKH LQIRUPDWLRQ FROOHFWHG WR LPSOHPHQW RSWLFDO IORZ EDVHG JXLGDQFH DQG PRWLRQ UHFRJQLWLRQ RQ D URERW 7R
DFKLHYHWKHVHLGHDVWKHPDWHULDOZHXVHLV

 3KLOOLSV7R8FDP86%FDPHUDDQG3HQWLXP0+]ZLQGRZVEDVHGODSWRSIRUWKHµFDPHUDPRYHPHQW
H[SHULPHQWV¶
 3KLOOLSV7R8FDP86%FDPHUD$GYDQWHFK3&03&ERDUGPDLQFSX>@&XVWRPPDGHERDUG
PRWRUFRQWURODQGFXVWRPPDGHURERWFKDVVLVIRUWKHµURERWEDVHGH[SHULPHQWV¶

7KLVOLVWFRPSOLHVZLWKRXUQHHGWRKDYHDORZFRVWV\VWHPDVWKH3KLOLSV7R8&DPLVDORZFRVWZHEFDPWKH
SFERDUGLVRQHRIWKHFKHDSHVWLQLWVFDWHJRU\WKHPRWRUFRQWUROERDUGLVFRPSDUDEOHWRWKHERDUGVZKLFKFDQEH
IRXQGRQ WKH KREE\LVWPDUNHW &HUHEHOOXP KDQG\ERDUG« DQG WKH URERW FKDVVLV FRQWDLQV QR VSHFLDOPHFKDQLFDO
SDUWVPRWRUVDUHPRGLILHGVHUYRV

)RU WKHFRQWLQXDWLRQRI WKLVSDSHUVHFWLRQZLOOGHVFULEH WKHH[LVWLQJZRUNRQ WKHRSWLFDO IORZEDVHGURERW
QDYLJDWLRQVHFWLRQZLOOGLVFXVVWKHH[LVWLQJPHWKRGVIRUFDOFXODWLQJRSWLFDOIORZDQGSUHVHQWWKHRQHZHXVHVHFWLRQ
 ZLOO GHVFULEH RXU ZRUNVWDWLRQEDVHG H[SHULPHQWV UHWULHYLQJ FDPHUD PRYHPHQW LQ VSDFH WKHLU UHVXOWV DQG
GUDZEDFNVVHFWLRQWKHXVHDQGLPSOHPHQWDWLRQRIWKHVHUHVXOWVRQRXUURERWDQGVHFWLRQZLOOJLYHDFRQFOXVLRQ
DQGDQH[KDXVWLYHOLVWRIIXWXUHDSSOLFDWLRQV

 
2QWKHWRSLFRIRSWLFDOIORZFRPSXWDWLRQDVWKLVLVDUDWKHUROGVXEMHFWDORWRIZRUNKDVEHHQGRQHRQILQGLQJ
PHWKRGV IRU FRPSXWLQJKLJKGHILQLWLRQDQGKLJK UHOLDELOLW\ RSWLFDO IORZ6WDQGDUG WHVW VHTXHQFHV KDYH EHHQ VHW IRU
WHVWLQJRSWLFDOIORZFRPSXWLQJPHWKRGV+RZHYHURXUDLPLVQRWWRLQYHQWDQHZPHWKRGIRUFRPSXWLQJRSWLFDOIORZ
EXW UDWKHU WR ILQG RXW DPRQJ DOO H[LVWLQJPHWKRGV WKH RQH WKDW FRXOG EH XVDEOH LQ RXU SURMHFW %DUURQ )OHHW DQG
%HDXFKHPLQ >@ KDYH PDGH D ORW RI ZRUN RQ HYDOXDWLQJ DQG GHVFULELQJ DOO H[LVWLQJ WHFKQLTXHV 3 *ROODUG KDV
SUHVHQWHGLQKHUWKHVLV>@DWHFKQLTXHXVLQJFRORUVWRHVWLPDWHRSWLFDOIORZ7KHLQWHUHVWLQJSRLQWLQWKLVSDSHULVQRW
WKH WHFKQLTXH LWVHOI EXW WKH WKHRUHWLFDO SUHVHQWDWLRQ RI FRORU SHUFHSWLRQ DQG H[LVWLQJ RSWLFDO IORZ FRPSXWDWLRQ
PHWKRGV

2QWKHWRSLFRIRSWLFDOIORZEDVHGURERWQDYLJDWLRQWKHH[LVWLQJZRUNVKDYHDOPRVWDOZD\VWKHVDPHVXEMHFWV
DVRXUVEXWZLWKWKHPDLQGLIIHUHQFHWREHGRQHZLWKRXWKDYLQJOLPLWVLQWHUPVRIFRPSXWDWLRQDOSRZHU)RUH[DPSOH
67HOL]HUIURP0,7>@WU\WR³GHYHORSDOJRULWKPVWKDWZLOOEHXVHGIRUUREXVWYLVXDOQDYLJDWLRQRIPRELOHDXWRQRPRXV
DJHQWV7KHDSSURDFKLVWRHIILFLHQWO\FRPSXWHDQGXVHRSWLFDOIORZILHOGVWRH[WUDFWWKHIHDWXUHVRIWKHHQYLURQPHQW
WKDW DUH LPSRUWDQW IRU RXU SXUSRVHDQG WR XVH WKLV LQIRUPDWLRQ DV RXU JXLGH IRUPRWLRQ´ 7KH\ FXUUHQWO\ KDYH WZR
SURJUDPVDYDLODEOHWKDWKDYHEHHQGHVLJQHGWRXVHRSWLFDOIORZLQIRUPDWLRQWRDYRLGREVWDFOHVFDOFXODWLQJWLPH
WRFRQWDFWZLWKDVXUIDFH7KHPDLQVSHFLILFLW\RI WKHLUZRUNZKLFKDUH WRWDOO\GLIIHUHQW IRUPRXUV LV WKHFRPSRQHQW
W\SHVWKH\DUHFXUUHQWO\XVLQJVHHILJ7KHLUURERWLVDQLQGXVWULDOLQGRRUURERWDQGWKHFDPHUDLVDGLJLWDO&&'
RQHZLWKLQWHJUDWHGGLJLWDOVLJQDOSURFHVVLQJFDSDELOLWLHV
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


$QWRQ\$$UJ\URVSURSRVHGLQ>@DQDSSURDFKIRUYLVXDOURERWQDYLJDWLRQEDVHGRQWKHEHHVPRGHOWU\LQJWR
KDYHWKHVDPHDPSOLWXGHRIRSWLFDOIORZRQERWKVLGHVRIWKHKHDGLQJWRDFKLHYHQDYLJDWLRQLQDQLQGRRUHQYLURQPHQW
+LVZRUNGHVFULEHD³QHZPHWKRGIRUYLVXDOURERWQDYLJDWLRQEDVHGRQWKHSULQFLSOHVRISXUSRVLYHYLVLRQ7KXV WKH
DLPRIWKLVUHVHDUFKLVQRWZKDWYLVLRQFDQRIIHUWRZDUGVEXLOGLQJDJHQHUDOSXUSRVHZRUOGUHSUHVHQWDWLRQEXWKRZWKH
YLVXDOV\VWHPRIDURERWFDQEHGHVLJQHGLQRUGHUWRDVVLVWWKHURERWLQH[KLELWLQJSDUWLFXODUEHKDYLRUV´ZKLFKLVDJDLQ
GHDOLQJZLWKWKHVDPHLGHDDVRXUV7KHPDLQLGHDLVWRXVHSHULSKHUDOFDPHUDVWRFRPSXWHVHSDUDWHO\OHIWDQGULJKW
VLGHRSWLFDOIORZDQGWKHQFRQWUROOLQJWKHURERWLQDZD\WKDWERWKYDOXHVDUHLGHQWLFDO7KHLUUHVXOWVDUHHQFRXUDJLQJ
WKHLUURERWLVDEOHWRQDYLJDWHLQDODERUDWRU\ZLWKRXWKLWWLQJREVWDFOHVEXWDVIRUWKH0,7SURMHFWWKH\KDYHQROLPLWV
LQWHUPVRIPDWHULDOWKH\XVHDPXOWLFDPHUDV\VWHP)LJDQGWKHLUURERWLVQRWIXOO\DXWRQRPRXV
$QGUHZ3'XFKRQ LQ>@PDGHPD]HQDYLJDWLRQXVLQJRSWLFDO IORZDJDLQRQWKHEDVLVRI WKHEHHVPRGHO
EXWXVHGDVLPXODWHGURERWWUDYHOLQJLQDYLUWXDOPD]H7KHRSWLFDOIORZZDVQRWFRPSXWHGRQWKHEDVHRIWKHLPDJHV
DVFRXOGEHVHHQE\WKHURERWEXWE\FDOFXODWLQJLWRQWKHEDVHRIWKHYHORFLW\RIWKHURERW

2XUZRUNHYHQLIWKHVXEMHFWLVWKHVDPHDVWKHSUHVHQWHGRQHVKDVWKHDLPWREHORZFRVWDQGWRQHHGORZ
FRPSXWDWLRQDOSRZHU:HGRKDYHPDWHULDOOLPLWDWLRQVVRZHKDYHWRILQGDVSHFLDOPHWKRGWRDFKLHYHWKHVDPHVRUW
RIUHVXOWVDVWKHVHZRUNVGREXWZLWKRXUOLPLWDWLRQV0RUHRYHUFRQWUDU\WRWKHSUHVHQWHGZRUNVZHZDQWWRXVHUDZ
UJELPDJHV

,W LV ZRUWK WR PHQWLRQ WKDW WKHUH H[LVWV DQRWKHU WRSLF ZLGHO\ XVHG LQ YLVLRQ EDVHG QDYLJDWLRQ WKH XVH RI
ORRPLQJDVDUDQJHVHQVRU>@>@7KLVLVDQLQWHUHVWLQJUHOLDEOHDQGVWUDLJKWIRUZDUGPHWKRGDOORZLQJWKHUDQJLQJRI
REVWDFOHVE\ORRNLQJRQWKHFKDQJHVRIWKHLUDSSDUHQWVL]HDVWKHURERWPRYHVWRZDUGVWKHP7KHSUREOHPLVWKDWLW
RQO\ZRUNVZLWKKLJKFRQWUDVWHGREVWDFOHVYVEDFNJURXQGDQGQHHGSUHFLVHRGRPHWULFLQIRUPDWLRQLQRUGHUWRZRUN
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



















)LJ7RWKHOHIWWKHURERWXVHGLQWKH67HOL]HU0,7SURMHFWWRWKHULJKWWKHFDPHUDKHDGLQ$UJ\URVDSSURDFK


/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


 	
$VH[SODLQHGLQ>@ IRUDFRUUHFWXVHRIRSWLFDO IORZRQHQHHGWRXQGHUVWDQGVRPHEDVLFFRQFHSWVVXFKDV
PRWLRQ ILHOG LPDJH IORZDQGRSWLFDO IORZ0RWLRQ ILHOG LV D ' ILHOGZKLFK GHVFULEHV WKH 'PRWLRQ RI REMHFW LQ D
VHTXHQFH7KHLPDJHIORZLVWKH'YLVLEOHSRUWLRQRIPRWLRQILHOGSURMHFWHGRQWRWKHLPDJHSODQHDQGWKHRSWLFDOIORZ
LVDQHVWLPDWHRIWKHLPDJHIORZZKLFKJLYHVXVD'ILHOGRIYHORFLWLHVDVVRFLDWHGWRWKHVDPHVFHQHDFFRUGLQJWRLWV
YDULDWLRQRIEULJKWQHVVSDWWHUQV0RUHVLPSO\LWLVWKHPHDVXUHRIWKHVSHHGLQZKLFKDSRLQWLQRQHLPDJHPRYHVWR
DQRWKHUSRLQWLQDVXEVHTXHQWLPDJH
6RPHRIWKHZRUNXVLQJRSWLFDOIORZWU\WRUHFRQVWUXFWWKHPRWLRQILHOGRQWKHEDVHRIWKHRSWLFDOIORZDVDQ
DSSUR[LPDWLRQRIWKHLPDJHIORZDVLWVHHPVLPSRVVLEOHWRGRWKHUHFRQVWUXFWLRQGLUHFWO\IURPDPHDVXUHPHQWRIWKH
LPDJHIORZZLWKRXWDSULRULNQRZOHGJHRQWKHPRWLRQILHOGLWVHOI2IFRXUVHWKHVHZRUNVDUHRIQRXVHIRURXUFXUUHQW
DSSOLFDWLRQDVZHDUHQ¶WGHDOLQJZLWKPRWLRQILHOGUHFRQVWUXFWLRQEXWVRPHRIWKHREVHUYDWLRQVPDGHFDQEHXVHIXO
IRUH[DPSOHWRXQGHUVWDQGWKHGUDZEDFNVRIRSWLFDOIORZ
)RUH[DPSOHLIZHWDNHDVFHQHFRQVLVWLQJRIDQXQLIRUPO\SDLQWHGEDOOURWDWLQJDURXQGLWVFHQWHUWKHLPDJH
IORZZLOOEHQRQ]HURIRUHYHU\SRLQWRI WKHEDOOZKLOHWKHRSWLFDO IORZZLOOEHXQLIRUPO\]HURDVWKHEULJKWQHVVRI WKH
VFHQHGRHVQRWFKDQJH%XWLIZHWDNHWKHVDPHVFHQHZLWKDVWDWLRQDU\EDOOEXWDPRYLQJOLJKWVRXUFHWKHUHVXOWVZLOO
EHWKHH[DFWRSSRVLWHQRQ]HURIRUWKHRSWLFDOIORZDQG]HURIRUWKHLPDJHIORZ6RILUVWSRLQWRSWLFDOIORZLVJUHDWO\
GHSHQGDQWRQ WKH OLJKWQLQJFRQGLWLRQV6HFRQGSRLQWRSWLFDO IORZQHHG WREHXVHGRQKLJKO\ FRQWUDVWHGVFHQHV WR
DYRLGVHHLQJIDOVH]HURPRYHPHQWV
,QWKHFRQWLQXDWLRQRIWKLVVHFWLRQZHDUHJRLQJWRSUHVHQWWKHEDVLFPHWKRGVH[LVWLQJIRUFRPSXWLQJRSWLFDO
IORZWKHQZHZLOOSUHVHQWWKHRQHZHFKRVH


  	
$OO HTXDWLRQV SUHVHQWHG LQ WKH IROORZLQJ FKDSWHUV  ±  FRPHPDLQO\ IURP >@ >@ DQG >@ 6RPH
VKRUWFXWVKDYHEHHQPDGHDVWKHPDWKHPDWLFDOSDUWRI WKHRSWLFDO IORZFRPSXWDWLRQ LVQRWP\ILUVWFRQFHUQEXW WKH
UHDGHULQWHUHVWHGLQIXUWKHUGHWDLOVVKRXOGUHDGWKHJLYHQUHIHUHQFHV

7KHUH DUH WKUHHPDLQ IDPLOLHV IRU FRPSXWLQJ WKH RSWLFDO IORZ WKH ILUVW GHDOV ZLWK SDWWHUQ PDWFKLQJ WKH
VHFRQGDUHIUHTXHQF\EDVHGPHWKRGVZKLFKXVHHQHUJ\SKDVHLQIRUPDWLRQLQWKHRXWSXWRIYHORFLW\WXQHGILOWHUVDQG
WKHWKLUGIDPLO\LVJUDGLHQWEDVHGPHWKRGVZKLFKFRPSXWHLPDJHYHORFLW\IURPVSDWLRWHPSRUDOLQWHQVLW\GHULYDWLYHV
7KH SDWWHUQ PDWFKLQJ PHWKRG LV VWUDLJKW IRUZDUG WR XQGHUVWDQG 7KH IUHTXHQF\EDVHG LV IDU WRR PXFK
FRPSOH[ WR EH XVHG LQ D VPDOO HPEHGGHG V\VWHP EHFDXVH ZHZRXOG KDYH WR GHDO ZLWK )RXULHU WUDQVIRUP RI RXU
LPDJH:HZRXOGQHHGWRFRPSXWHWKH))7ZKLFKZRXOGH[FHHGRXUFRPSXWDWLRQDOSRZHUUHVWULFWLRQV7KHJUDGLHQW
EDVHGPHWKRGLVWKHPRVWZLGHO\XVHGDQGLVEDVHGRQWKHIROORZLQJDVVXPSWLRQ IRUVKRUWSHULRGRI WLPHDVFHQH
LQIRUPDWLRQVWD\VFRQVWDQWLQWLPH,WPHDQVWKDWIRUH[DPSOHZHFRXOGIROORZDSL[HOLQDVFHQHMXVWE\ORRNLQJDWKLV
EULJKWQHVVFRQVWDQWEULJKWQHVVDVVXPSWLRQ7KLVDVVXPSWLRQQHHGVVRPHH[SODQDWLRQVPDWKHPDWLFDOO\LWLVZULWWHQ
DV


:KHUH(WLVD1[1LQWHQVLW\LPDJHWDNHQDWWLPHW([WLV WKHEULJKWQHVVRISL[HO[DWWLPHWDQGXLWVVXSSRVHG
YHORFLW\%\XVLQJD7D\ORUH[SDQVLRQDQGDVVXPLQJDQLQILQLWHVLPDOδWWLPHLQWHUYDO>@ZHFRPHXSZLWK

=
∂
∂
+
∂
∂
+
∂
∂
W
(
Y
\
(
X
[
(

( ) ( )WWW(W(WTW( δδ ++=∃∈∀  X[[X[ 
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD
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∂
∂
DUHWKHSDUWLDOGHULYDWLYHVRIWKHEULJKWQHVVLQVSDFHDQGWLPHZLOOEHUHIHUUHGDV
[
( 
\
( 
DQG
W
( LQWKHFRQWLQXDWLRQRIWKLVZRUNDQGXYWKHFRPSRQHQWVRIWKHYHORFLW\YHFWRURIWKHSL[HO7KLVHTXDWLRQLV
XQGHUFRQVWUDLQHG6RWREHDEOHWRVROYHLWZHQHHGPRUHFRQVWUDLQWVZKLFKFRXOGEHJLYHQE\RQHRIWKHIROORZLQJ
PHWKRGVWDNHQIURP>@DQG>@

• 6PRRWKQHVVFRQVWUDLQW7KLVFRQVWUDLQWLVEDVHGRQWKHDVVXPSWLRQWKDWWKHVFHQHEHLQJLPDJHGLVUHODWLYHO\
VPRRWKDQG WKHUHIRUH WKDW WKHRSWLFDO IORZ LWVHOI LV UHODWLYHO\ VPRRWK+RUQ	6FKXQFNZKRDUH WKH ILUVW WR
PDNH WKLV DVVXPSWLRQ >@ XVHG WKH VTXDUHPDJQLWXGH RI WKH YHORFLW\ ILHOG JUDGLHQW WR PHDVXUH WKH ILHOG
VPRRWKQHVV6RWKH\WUDQVIRUPHGWKHRSWLFDO IORZFRPSXWDWLRQ LQWRDQRSWLPL]DWLRQSUREOHPRI WZRFULWHULD
WKHHUURULQLPDJHEULJKWQHVVFKDQJHVDQGWKHVPRRWKQHVVRIWKHILHOG





OHDGLQJWRWKHSUREOHPRIPLQLPL]LQJWKHZHLJKWHGVXPRIWKHVHTXDQWLWLHV



EXW ZLWKRXW HQWHULQJ LQWR WRRPXFKGHWDLOV LQWHUHVWHG UHDGHU VKRXOG UHDG >@ WKLVPHWKRGQHHGV D ORW RI
FRPSXWDWLRQSRZHUEHFDXVHLWFDQQRWEHVROYHGLQDWUDGLWLRQDOZD\EXWZLWKDQLWHUDWLYHPHWKRG0RUHRYHU
WKHLPSOHPHQWDWLRQRIWKLVPHWKRGUHTXLUHVDVSDWLRWHPSRUDO*DXVVLDQSUHILOWHULQJRIWKHLPDJHV>@

• +LJKRUGHUGHULYDWLYHV7KLVPHWKRGDGGFRQVWUDLQWVE\UHTXLULQJWKDWQRWRQO\LQWHQVLW\YDOXHVDW[WDQGDW
[XδWWδWPXVWEHHTXDOEXWDOVRWKHLUILUVWRUGHUV¶GHULYDWLYHV6RZHJHWWKUHHDGGLWLRQDOHTXDWLRQV






7KHVH WKUHH HTXDWLRQV SOXV WKH EDVLF RQH IRUP DQ RYHUFRQVWUDLQHG V\VWHP ZKLFK FDQ EH VROYHG E\ WKH
SVHXGRLQYHUVHPHWKRGVHH>@EXWLWKDVWKHGUDZEDFNWRQHHGWZRWLPHVPRUHFDOFXODWLRQWKDQWKHEDVLF
FRQVWDQWEULJKWQHVVDVVXPSWLRQDQGWRQHHGSUHILOWHULQJRIWKHLPDJHVWHPSRUDODQGVSDWLDO

• 1HLJKERUKRRGVDPSOLQJDSSURDFK7KLV LV WKHPRVWHDV\DQGVWUDLJKWIRUZDUGPHWKRGWRDGGFRQVWUDLQWVWR
RXUV\VWHPZHVLPSO\PDNHWKHDVVXPSWLRQWKDWWKHRSWLFDOIORZFDQEHFRQVLGHUHGFRQVWDQWDWDOOSRLQWVRID
VPDOOQHLJKERUKRRG7KLVZD\LIZHWDNHDQHLJKERUKRRGRIQ[QSRLQWVDURXQGDJLYHQSL[HOZHZLOOKDYHQ
HTXDWLRQIRUVROYLQJWKHRSWLFDOIORZRIWKLVQHLJKERUKRRG$JDLQWKLVRYHUFRQVWUDLQHGV\VWHPZLOOEHVROYHG
E\XVLQJDSVHXGRLQYHUVHPHWKRG
2IFRXUVHVRPHSHRSOHXVHGDGLIIHUHQWPRGHO IRU WKH ORFDOEHKDYLRURI WKHRSWLFDO IORZDQGGRQ¶WDVVXPH
WKDW WKH RSWLFDO IORZ LV FRQVWDQW RYHU WKH VPDOO QHLJKERUKRRG EXW WDNH D OLQHDU YDULDWLRQPRGHO %XW DV
DOZD\VWKHPRUHFRPSOH[WKHPRGHOLVWKHPRUHFRPSXWDWLRQSRZHU\RXQHHG

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/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


• 0XOWLSOH FRQVWUDLQWV DSSURDFK +HUH WKH DLP LV WR ILQG N RWKHU IXQFWLRQV WKDQ WKH EULJKWQHVV RI DQ LPDJH
ZKLFKFRXOGEHDVVRFLDWHGZLWKWKHREMHFWVXUIDFHDQGZKLFKGRQRWFKDQJHZKHQWKHREMHFWPRYH:LWKVXFK
NDGGLWLRQDOHTXDWLRQVRQHZRXOGEHDEOHWRJHWDV\VWHPRINOLQHDUHTXDWLRQVHTXLYDOHQWWRWKHPDMRURSWLFDO
IORZFRQVWUDLQW7KHKLJKRUGHUGHULYDWLYHLVDNLQGRIVXFKDSSURDFKEXWXVHVWKHEULJKWQHVVRIWKHLPDJHWR
DGGFRQVWUDLQWVKHUHZHZDQWWRILQGRWKHUIXQFWLRQV
7KHPRVWVXFFHVVIXOH[SHULPHQW0LWFKLHHWDOVHH>@XVLQJWKLVDSSURDFKXVHGYHU\VLPSOHIXQFWLRQV OLNH
DYHUDJHLQ[ZLQGRZYDULDQFHLGHPPHGLDQLQ[KRUL]RQWDOZLQGRZ«

 ! 

$FWXDOO\ZHIRXQGWKDWWKHJUDGLHQWEDVHGDSSURDFKZDVWKHPRVWVXLWDEOHIRURXUFDVHZKHUHZHZDQWWREH
DEOHWRGHDOZLWKUDZUJELPDJHV8VLQJDSDWWHUQPDWFKLQJWHFKQLTXHZRXOGKDYHEHHQDVROXWLRQEXWLWVHHPVIURP
>@WKDWPDWFKLQJWHFKQLTXHVDUHOHVVUHOLDEOHWKDQJUDGLHQWEDVHGRQHV,QWKHJUDGLHQWEDVHGPHWKRGVZHQHHGWR
FKRRVH D ZD\ WR DGG FRQVWUDLQWV WR RXU V\VWHP DQG DW ILUVW ZH IRXQG WKDW WZR DSSURDFKHV ZKHUH VXLWDEOH WKH
QHLJKERUKRRGVDPSOLQJDSSURDFKDQGWKHPXOWLSOHFRQVWUDLQWDSSURDFK
7KH QHLJKERUKRRGVDPSOLQJ DSSURDFK VHHPV LGHDO EHFDXVH LW LV WKH PHWKRG ZKLFK FRQVXPHV WKH OHVV
FRPSXWDWLRQSRZHU$VZHZLOO VHH ODWHU LQPRUHGHWDLOVJLYHQDQHLJKERUKRRGZHRQO\QHHG WRFRPSXWH WKH ILUVW
SDUWLDOGHULYDWLYHVRIWKHSL[HOYDOXHVEHORQJLQJWRWKLVQHLJKERUKRRGDQGVROYHRXURSWLFDOIORZHTXDWLRQVE\DSSO\LQJ
VLPSOHPDWKHPDWLFDORSHUDWLRQVQRDOJHEUDQRPDWUL[HVRQO\VLPSOHRSHUDWRUVRQVXPVRIWKHVHGHULYDWLYHV:HGR
QRW UHDOO\QHHGDQ\SUHILOWHULQJ6RZHFDQVD\ WKDW WKHQXPEHURIRSHUDWLRQV UHTXLUHG IRU FRPSXWLQJRSWLFDO IORZ
XVLQJWKLVPHWKRGZLOOEHOLQHDUO\GHSHQGHQWRIWKHQHLJKERUKRRGVL]H+RZHYHUWKLVDSSURDFKKDVWKHGUDZEDFNWKDW
WKHDVVXPSWLRQPDGHDERXWWKHFRQVWDQF\RIWKHILHOGLVUDUHO\WUXH
2Q WKH RWKHU KDQG WKHPXOWLSOH FRQVWUDLQW DSSURDFKZRXOG KDYH DOORZHG XV WR XVHPRUH DGYDQFHG FRORU
LQIRUPDWLRQGLUHFWO\IRUH[DPSOHE\VHWWLQJWKHFRQVWUDLQWHTXDWLRQVDVWKHKXHDQGVDWXUDWLRQYDOXHVRIWKHLPDJHDV
RQHNQRZVWKDWWKHKXHDQGVDWXUDWLRQYDOXHVRIDSL[HOGRQRWGHSHQGRQWKHOLJKWQLQJFRQGLWLRQVRUDWOHDVWWRWKH
LQWHQVLW\ YDULDWLRQV LQ OLJKWQLQJ EXW LW QHHGV  PRUH FRPSXWDWLRQ SRZHU EHFDXVH ZH ZRXOG KDYH WR FRPSXWH WKH
VSHFLILFFRORUYDOXHV+6,1RUPDOL]HG5*%«RIJLYHQSL[HOVEHIRUHDSSO\LQJWKHRSWLFDOIORZHTXDWLRQVWRWKHPDQG
DOVRWRSUHILOWHUWKHLPDJHV

7KHFKRLFHZHPDGHZDV WR ILUVWJRRQE\XVLQJ WKHQHLJKERUKRRGVDPSOLQJDSSURDFKDQG ILQGDZD\ WR
DOORZLWWREHXVHGQRWRQO\RQWKHLQWHQVLW\JUD\OHYHOLPDJHEXWRQDOORIWKHFKDQQHOVUJRUERIDQLPDJH,Q
IDFWZHIRFXVRQWU\LQJWRILQGDQLQWHUHVWRSHUDWRUZKLFKFRXOGWHOOXVRQZKLFKSL[HORIDVHOHFWHGDUHDRIWKHLPDJH
ZHVKRXOGFHQWHURXUQHLJKERUKRRGDQG LQZKLFKFKDQQHORI WKH LPDJH WKHRSWLFDO IORZVKRXOGEHFRPSXWHGDQG
WKHQXVHWKHQHLJKERUKRRGVDPSOLQJDSSURDFKRQWKLVFKDQQHODQGFHQWHUHGRQWKHVHOHFWHGSL[HO7KDWZD\ZHPL[
WKHLQIRUPDWLRQFRQWDLQHGLQUDZFRORULPDJHVZLWKDEULJKWQHVVRQO\EDVHGRSWLFDOIORZEDVHGPHWKRG

 "
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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7KHQHLJKERUKRRGVDPSOLQJDSSURDFKPDNHV WKHDVVXPSWLRQ WKDW WKHRSWLFDO IORZ LV FRQVWDQW LQVLGHDQ[Q
QHLJKERUKRRGRIDVFHQHEXWZHNQRZWKDWLIDQREMHFWLVPRYLQJLQDVFHQHWKLVDVVXPSWLRQZLOOEHWRWDOO\ZURQJDW
LWVERDUGHUVVRZK\GRZHXVHWKLVDSSURDFK",QIDFWLQPRVWFDVHVRIDPRELOHURERWQDYLJDWLQJLQDUHDOZRUOGWKH
DVVXPSWLRQ LV ULJKW ,I ZHPRYH D URERW WRZDUG D FRUULGRU RU LQ D URRP LW LV WUXH WR VD\ WKDW WKH RSWLFDO IORZ LV
SLHFHZLVHFRQVWDQWDVLQIDFWZHZLOOEHORRNLQJDWDVRUWRIEDFNJURXQGZKLFKIURPWKHSRLQWRIYLHZRIWKHURERWLV
KDYLQJDSLHFHZLVHFRQVWDQWPRYLQJVSHHG7KHDVVXPSWLRQIDLOVRQO\ZKHQWKHURERWLVQDYLJDWLQJQHDUDQREVWDFOH
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


LQ D ODUJH URRP ,Q VXFK D FDVH WKH DSSDUHQW VSHHG RI WKH REVWDFOH ZLOO EH GLIIHUHQW IURP WKH VSHHG RI WKH
EDFNJURXQGEXWDVZHZLOOVHLWODWHULWFDQEHXVHIXOIRUREVWDFOHGHWHFWLRQ
&RQFHUQLQJFRPSXWLQJSRZHUZHVDZWKDWWKHFRPSXWDWLRQRIRSWLFDOIORZIRUDORWRISRLQWVLVIDUDZD\RXU
UHVRXUFHV0+]3&SURFHVVRUVRZHQHHGHGWRILQGDVROXWLRQWRUHGXFHWKHQXPEHURISRLQWVZKHUHWKHRSWLFDO
IORZZRXOGEHFRPSXWHGZKLOHNHHSLQJLQPLQGWKDWRXUILUVWVWHSLVWRKDYHDV\VWHPEHLQJDEOHWRJLYHXVPRYHPHQW
LQIRUPDWLRQRIDFDPHUDPRYLQJLQVSDFH7KXVZHGHFLGHGWRGLYLGHRXUEDVLVLPDJHVLQVXELPDJHVHDFKRQHRI
WKHP JLYLQJ XV DQ RSWLFDO IORZ YHFWRU 7KLV FKRLFH LV SXUHO\ DUELWUDU\ EXW SURYHG WR EH JRRG:LWKLQ WKHVH  VXE
LPDJHV ZH ZLOO VHDUFK IRU RXU LQWHUHVW SRLQW DQG FKDQQHO DQG FHQWHUHG RQ WKLV SRLQW ZH ZLOO SXW RXU Q[Q
QHLJKERUKRRGRQZKLFKWKHQHLJKERUKRRGVDPSOLQJDSSURDFKEDVHGRSWLFDOIORZZLOOEHFRPSXWHG

1RZFRQFHUQLQJ WKHFRPSXWDWLRQRI WKHRSWLFDO IORZ LWVHOIZHNQRZ IURP WKDWZLWK WKHQHLJKERUKRRG
VDPSOLQJ DSSURDFK ZH KDYH DQ RYHUFRQVWUDLQHG HTXDWLRQ V\VWHP ,Q IDFW IRU HYHU\ SL[HO ;L ZLWKLQ RXU Q[Q
QHLJKERUKRRG1ZHFDQZULWH

D

ZKHUH∇( DQG (W DUH FRPSXWHG DW; ; «;Q7KHUHIRUH WKH RSWLFDO IORZ FDQ EH HVWLPDWHG ZLWKLQ 1 DV WKH
FRQVWDQWYHFWRUYWKDWPLQLPL]HVWKHIXQFWLRQDO [ ]YΨ JLYHQE\




7KLV SUREOHP FDQ EH VROYHG GLUHFWO\ XVLQJ D SVHXGR LQYHUVHPHWKRG >@:H ILUVW QHHG WR SXW WRJHWKHU WKH EDVLV
HTXDWLRQVDIRUDOO;LZLWKLQRXUQ[QQHLJKERUKRRG1LQDOLQHDUV\VWHPIRUP

$Y E

ZKHUH$ LV WKH Q[PDWUL[ ZKRVH LWK URZ LV∇(;L DQGE WKH Q YHFWRU ZKRVH LWK URZ LV (W;L 7R VROYH WKLV
HTXDWLRQE\XVLQJSVHXGRLQYHUVHPHWKRGRUOHDVWVTXDUHVROXWLRQZHILUVWPXOWLSO\HDFKVLGHRIWKHHTXDWLRQE\$7

$7$Y $7E
WKHQZHFDQZULWH
Y $7$$7E

( ) =+∇
W
7
(( Y 
[ ] ( )[ ]∑
∈
+∇=Ψ
1[
W
7
L
((

YY
 











)LJ7RWKHULJKWZHFDQVHHWKHQLQHVXELPDJHVZKHUHWKHQLQHRSWLFDOIORZYDOXHVZLOOEHFRPSXWHG

/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


ZKLFKLVWKHVROXWLRQRIRXUHTXDWLRQ%\ORRNLQJPRUHFDUHIXOO\DWWKHFRPSRQHQWVRIWKLVILQDOHTXDWLRQZHFDQVHHD
IHZLQWHUHVWLQJSRLQWV

 $7$LVD[PDWUL[VRLWVLQYHUVHFRXOGEHFRPSXWHGHDVLO\
 DFORVHUORRNWRWKHFRPSRQHQWVRI$7$$7EVKRZVXVWKDWYXYFDQDOVREHZULWWHQDV








ZKLFKPHDQV WKDW LQ IDFW ZH GR QRW HYHQ QHHG DQ\PDWUL[ RSHUDWLRQ WR VROYH WKH RSWLFDO IORZ HTXDWLRQV EXW RQO\
FRPPRQPDWKHPDWLFDORSHUDWLRQVRQWKHSDUWLDOGHULYDWLYHVZKLFKLVHQFRXUDJLQJIRUWKHFRPSXWLQJSRZHUQHHGV

7KHFDOFXODWLRQRIWKHVHGHULYDWLYHVLVDFUXFLDOSUREOHPWRRDVWKHPHWKRGXVHGFDQPDNHDODUJHGLIIHUHQFH
LQ WKH UHVXOWV +RUQ >@ VXJJHVWHG WR FDOFXODWH WKH GHULYDWLYHV IRU SRLQWV KDOIZD\ EHWZHHQ SL[HOV LQ [ \ DQG W
GLUHFWLRQVZKLFKOHDGWRWKHWKUHHIROORZLQJIRUPXODV


([[\W  ([\W±([\W([\W±([\W
([\W±([\W([\W±([\W

(\[\W  ([\W±([\W([\W±([\W    
([\W±([\W([\W±([\W

(W[\W  ([\W±([\W([\W±([\W
([\W±([\W([\W±([\W



  	
:HZDQWWRKDYHYHU\ORZFRPSXWLQJSRZHUQHHGIRURXURSWLFDOIORZDOJRULWKPWKLVZD\ZHKDYHFKRVHQWR
FRPSXWHRQO\RSWLFDOIORZYDOXHVDQGWRXVHDJUDGLHQWEDVHGDSSURDFKZLWKQHLJKERUKRRGVDPSOLQJK\SRWKHVLVRQ
UDZUJELPDJHV,QWKHODVWVHFWLRQZHVDZWKDWRXUSUREOHPLVUHGXFHGWRFRPPRQPDWKHPDWLFDORSHUDWLRQVRQWKH
SDUWLDOGHULYDWLYHVRIWKHSL[HOVEHORQJLQJWRWKHQHLJKERUKRRGSDWFK6RLIZHFDQUHGXFHWKHVL]HRIWKHSDWFKZH
FDQLPSURYHWKHFRPSXWDWLRQWLPH
0RUHRYHUZHQHHGWKHVHRSWLFDO IORZYDOXHVWREHDVUHOLDEOHDVSRVVLEOHVRZHQHHGWRILQGDQLQWHUHVW
RSHUDWRUWKDWZLOOIRUHYHU\RQHRIWKHVXELPDJHVZKHUHRSWLFDOIORZZLOOEHFRPSXWHGJLYHXVWKHFHQWHUSL[HORI
RXUQ[QQHLJKERUKRRGFDOOHGWKHIRFXVDQGWKHFKDQQHOUHGJUHHQRUEOXHLQZKLFKWKHJUDGLHQWEDVHGRSWLFDOIORZ
FRPSXWDWLRQ ZRXOG EH GRQH ZLWK WKH KLJKHVW SRVVLEOH FRQILGHQFH 7KH UHDVRQ IRU QRW XVLQJ LQWHQVLW\ JUD\OHYHO
LPDJHVEXWUDZUJEGDWDLVWKDWWDNLQJLQWHQVLW\LPDJHZRXOGEULQJDORVVRILQIRUPDWLRQDQGOHVVUHOLDEOHUHVXOWVDV
FDQEHVHHQRQILJ
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/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


:HDUHQRZJRLQJWRGHVFULEHWKHPHWKRGXVHGWRILQGRXUIRFXVDQGFKDQQHO:HZLOOJLYHWKHH[DPSOHRI
ZKDWKDSSHQVIRURQHVXELPDJHNQRZLQJWKDWWKHVDPHSURFHVVLVUHSHDWHGIRUHYHU\VXELPDJHVVHHILJ

 ZHZLOODSSO\RXULQWHUHVWRSHUDWRUVRQDOOSRVVLEOHFDQGLGDWHSRVLWLRQVRIRXUIRFXVZLWKLQWKHVXE
LPDJH
 DWDOOWKRVHSRVLWLRQVZHZLOOFRPSXWHWKHRSHUDWRUVFRUHIRUDOOFKDQQHOVVHSDUDWHO\
 ZHZLOOVHOHFWRXUIRFXVDVWKHSRVLWLRQDPRQJDOOFDQGLGDWHSRVLWLRQVZKHUHWKHVFRUHZDVWKHEHVW
ZKLFKZLOODOVRJLYHXVWKHEDQGLQZKLFKWKLVEHVWVFRUHKDVEHHQFRPSXWHG

$IWHU VRPH WHVWV ZH IRXQG WKDW WKH EHVW UHVXOWV ZHUH REWDLQHG E\ FRPELQLQJ WZR LQWHUHVW RSHUDWRUV D
JUDGLHQWEDVHGRQHDQGDVRFDOOHGZHLJKWHGPDVNRQH8VLQJWZRRSHUDWRUVZLOODOORZXVWRVHOHFWDPRQJFODVVHV
RIFDQGLGDWHVRSHUDWRUV[FKDQQHOV[DOOFDQGLGDWHSRVLWLRQV SRVVLELOLWLHVSHUFDQGLGDWHSRVLWLRQLQRUGHUWR
IXUWKHULPSURYHWKHUHOLDELOLW\RIWKHRSWLFDOIORZYHFWRU7RUHGXFHWKHFRPSXWDWLRQWLPHRIRXUDOJRULWKPZHVHWWKH
FDQGLGDWHIRFXVSRVLWLRQVDVEHLQJóRIDOOSRVVLEOHSRVLWLRQVRQDVRFDOOHGVHDUFKDUHDVHHILJ
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D EF


)LJ+HUHDUHWKHUHVXOWVRID'PRYHPHQWUHFRJQLWLRQXVHGWRFRPSDUHWKHRSHUDWRUV:HWDNHWKHLQWHJUDWHGPHDQ
RSWLFDOIORZRIWKHVXELPDJHVWRFRPSXWHDPHDQGLVSODFHPHQWZKLFKLVUHSRUWHGDVDSDWKRQRXWSXWLPDJHVDDQGF
DERYH7KHWHVWVHTXHQFHVEIURPOHIWWRULJKWDQGIRUPWRSWRERWWRPVKRZVHYHU\WHQIUDPHVRIRXUVHTXHQFHDUHILUVW
UHFRUGHGDQGWKHQWKHDOJRULWKPLVDSSOLHGWRWKHVDYHGGDWD7KHWHVWPRYHPHQWZDVPDGHE\KDQGDQGZDVFRPSRVHG
RIDYHUWLFDOXSGRZQPRYHPHQWIROORZHGE\DOHIWULJKWKRUL]RQWDORQHDQGILQDOO\DGRZQXSWUDQVODWLRQRIDSSUR[LPDWHO\
VDPHDPSOLWXGHDVWKHILUVWPRYH7KHDLPDJHLVWKHUHVXOWLQJSDWKZKHQXVLQJWKHEDVLFLQWHQVLW\JUD\OHYHOJUDGLHQW
EDVHGPHWKRGZLWKRXWDQ\ LQWHUHVW RSHUDWRU DQG WKH F LPDJH LV WKH UHVXOWLQJSDWKRI RXU DFWXDO DOJRULWKP XVLQJ FRORU
EDVHGLQWHUHVWRSHUDWRUV:HLPPHGLDWHO\VHHWKHLPSURYHPHQWZKHQXVLQJWKHLQWHUHVWRSHUDWRUV


/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


/HW¶VGHVFULEHWKHWZRRSHUDWRUV

• *UDGLHQWEDVHGLQWHUHVWRSHUDWRU7KLVRSHUDWRUUHDOL]HWKHIROORZLQJIXQFWLRQ







ZKHUH([\WLVWKHVFDQQHGFKDQQHOSL[HOYDOXHDW[\RILPDJHWDNHQDWWLPHW7KLVRSHUDWRULVD'HGJH
GHWHFWRULWVHHNVIRUWKHELJJHVWHGJHLQWKHVHOHFWHGFKDQQHORIWKHVXELPDJHDQGUHWXUQVWKHHGJHYDOXH
WKHVFRUHRIWKLVRSHUDWRUSL[HOSRVLWLRQDQGFKDQQHO7DNLQJWKHQRWDWLRQZKLFKLVLQWURGXFHGLQILJLW
FRXOGEHWUDQVODWHGLQ
$%&'$&%'

• :HLJKWHGPDVNRSHUDWRU7KLVRSHUDWRUUHDOL]HWKHIROORZLQJIXQFWLRQ









ZKHUH W(  LV WKHPHDQYDOXHRI WKHVHOHFWHGFKDQQHORYHUWKHVHDUFKDUHD¶VSL[HOVXVHGDVFHQWHURIRXU
LQWHUHVWRSHUDWRU7KLVRSHUDWRULVDVRUWRIFRQWUDVWGHWHFWRUDQGLWVHHNVIRUDSDWFKRIEULJKWFRQWUDVWDPRQJ
WKHVHDUFKDUHDSL[HOVRIWKHVHOHFWHGFKDQQHODQGDVWKHILUVWRSHUDWRUUHWXUQVWKHFRQWUDVWYDOXHDJDLQLWV
VFRUHSL[HOSRVLWLRQDQGFKDQQHO7DNLQJWKHQRWDWLRQRIILJLWFRXOGEHWUDQVODWHGLQ

W( $%&'$¶&¶%¶'¶ZKHUHWKHµLQGLFDWHVSL[HOVIURPLPDJHDWWLPHW


$VH[SODLQHGLQILJWKHVHRSHUDWRUVDUHDSSOLHGDWHYHU\SRVVLEOHIRFXVSRVLWLRQZLWKLQWKHVHDUFKDUHDRI
WKHVHOHFWHGVXELPDJH7KHSL[HODPRQJWKHZKROHVHDUFKDUHDZKHUHWKHELJJHVWVFRUHKDVEHHQUHDOL]HGDPRQJ
DOOSRVVLELOLWLHVLQWHUHVWRSHUDWRUV[FKDQQHOVZLOOJLYHXVWKHIRFXVSRVLWLRQWKHFKDQQHOXVHGWRFRPSXWHRXU
JUDGLHQWEDVHGQHLJKERUKRRGEDVHGRSWLFDOIORZ7KLVSURFHVVLVUHSHDWHGIRUHYHU\VXELPDJHV
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/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD
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)LJ6FKHPDWLFVRIWKHZKROHLQWHUHVWRSHUDWRURSWLFDOIORZFRPSXWDWLRQSURFHVVJLYHQIRURQHRIWKHVXELPDJHV



;
<
6XELPDJH $V WKH VWDUW
LPDJH LV [ WKH
VXELPDJHVZLOOEH[
6HDUFK DUHD LQ ZKLWH ZH
KDYH KLJKOLJKWHG WKH
FDQGLGDWH IRFXV SRVLWLRQV
 RI DOO SL[HOV 7KHVH
SL[HOV DUH WKH SRVLWLRQV RQ
ZKLFKWKHLQWHUHVWRSHUDWRUV
ZLOOEHDSSOLHG
7KH IRFXV FHQWHU RI RXU
Q[Q QHLJKERUKRRG DJDLQ
QRW VKRZQ WKH SDUWLDO
GHULYDWLYHVQHHGHG IRU WKH
RSWLFDO IORZ FRPSXWDWLRQ
ZLOO EH FRPSXWHG IRUó RI
WKH SL[HOV RI WKH Q[Q
QHLJKERUKRRG RQ WKH
VHOHFWHGFKDQQHO
$
,-
%
&

'
7KH LQWHUHVW RSHUDWRUV DUH DSSOLHG DW HYHU\ SL[HO ,- EHORQJLQJ WR WKH
FDQGLGDWH IRFXV SRVLWLRQV LQ WKH VHDUFK DUHD ZKLWH VTXDUHV RQ WKH ILJXUH
7KH\ WDNH LQWRDFFRXQW WKH  SL[HOV RI WKH FRUQHUV RI WKH[QHLJKERUKRRG
FHQWHUHGRQ,-6RWKHHGJHRSHUDWRUVFRUHIRUH[DPSOHZRXOGEH

$%&'$&%'
;< ,-
;< ,-
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


$SVHXGRFRGHH[DPSOHRIZKDWZRXOGEHWKHUHVHDUFKRIWKHLQWHUHVWSRLQWRYHUDVHDUFKDUHDRIRQHRIWKH
VXELPDJHVZRXOGEHVHHILJIRUQRWDWLRQV

WRVLPSOLI\OHW¶VDVVXPHWKDWZHNQRZWKHPHDQYDOXHRIHDFKFKDQQHORYHUWKHVHDUFKDUHD


 Y ,Z -] ,W -

 IRU[ Y[≤][ [
 ^
  IRU\ Z\≤W\ \
  ^      
 (YDOXDWH ZHLJKWHG PDVN RSHUDWRU DQG JUDGLHQWEDVHG RSHUDWRU DW SL[HO [\ IRU DOO  FKDQQHOV
IRUPXODVDQG
  
 &RPSDUHZLWKODVWKLJKHVWYDOXHIRUHDFKFKDQQHODQGHDFKRSHUDWRUDQGNHHSFXUUHQWSRVLWLRQDQG
VFRUHLILW¶VEHWWHUWKDQWKHODVWVDYHGRQH

 ??:KLFKPHDQVWKDWDWWKHHQGRIWKLVORRSRYHUWKHVHDUFKDUHDZHZLOOKDYHSRVVLEOHSRVLWLRQVWR
??FHQWHURXUQHLJKERUKRRGLQWHUHVWRSHUDWRUV[FKDQQHOV
  `
 ` 
 UHWXUQWKHSL[HOSRVLWLRQ,-DQGFKDQQHOZKRVHRYHUDOOVFRUHDPRQJWKHWZRRSHUDWRUVZDVEHVW


$QGNQRZLQJWKHSL[HOSRVLWLRQ[ ,\ -ZKLFKJLYHVXVWKHFHQWHURIRXUQHLJKERUKRRGDQGWKHFKDQQHORQ
ZKLFKLWVKRXOGEHFRPSXWHGWKHSVHXGRFRGHIRUWKHRSWLFDOIORZFRPSXWDWLRQZRXOGEHUHPLQGHUWKHQHLJKERUKRRG
VL]HLVQ[Q


 IRU[  

 


−− 

Q
, [ 

 


−+ 

Q
, [ [
 ^
  IRU\ 

 


−− 

Q
- \ 

 


−+ 

Q
- \ \
  ^
   (YDOXDWHDOOSDUWLDOGHULYDWLYHVDWSRVLWLRQ[\RQWKHJLYHQFKDQQHOIRUPXOD

   8SGDWHWKHYDULRXVVXPVQHHGHGIRUWKHFRPSXWDWLRQRIWKHRSWLFDOIORZIRUPXOD
  `
 `

 UHWXUQWKHIORZYHFWRUIRUPXOD3D\DWWHQWLRQWRWKHSRVVLELOLW\RIGLYLVLRQ



/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD



$ %		
	
 
$VDILUVWVWHSWRDQRSWLFDOIORZEDVHGPRELOHURERWZHFRQGXFWHGVRPHH[SHULPHQWVRQDZRUNVWDWLRQWRVHH
ZKDW NLQG RI LQIRUPDWLRQ FRXOG EH H[WUDFWHG IURP RXU FXUUHQW RSWLFDO FRQILJXUDWLRQ UHPLQGHU RSWLFDO IORZ LV RQO\
FDOFXODWHGIRUSRLQWVRYHUWKHZKROHLPDJH0RUHRYHURXUILUVWJRDOZDVWRXVHRSWLFDOIORZLQIRUPDWLRQWRUHFRYHU
WKHPRYHPHQWRIDFDPHUDLQVSDFH

$ & '
)LUVWRIDOOLWVHHPVWKDWLWLVDOPRVWLPSRVVLEOHWRGLIIHUHQWLDWHDWUDQVODWLRQDPRQJ;RU<D[LVIURPDURWDWLRQ
DURXQGWKHFRPSOHPHQWDU\D[LVVHH)LJDEXWLQWKHFDVHRIRXUPRELOHURERWDSSOLFDWLRQZKHUHZHDUHJRLQJWR
XVHDGLIIHUHQWLDOGULYHRQHVLWLVQRWDWRRELJSUREOHPDVVXFKDURERWVKRXOGQRWKDYHWUDQVODWLRQDORQJ;RU<D[LV
H[FHSWDVQRLVH7KXVWKHUH¶VQRUHDOQHHGWREHDEOHWRPDNHWKHGLVWLQFWLRQEHWZHHQURWDWLRQDQGWUDQVODWLRQ6R
RXUV\VWHPZLOOEHOLPLWHGWR'2)PRWLRQH[WUDFWLRQ

 GHWHFWLRQDQGGLVFULPLQDWLRQEHWZHHQ=WUDQVODWLRQDQGURWDWLRQ
 GHWHFWLRQRI;<URWDWLRQRUWUDQVODWLRQZKLFKZHZLOOJHQHULFDOO\FDOO;RU<WUDQVODWLRQ
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
D E

)LJD7KHFDPHUDVSDFHRIFRRUGLQDWHV
 E([DPSOHVRILGHDOYHFWRUILHOGVIRUEDVLFPRYHPHQWVIURPXSWRGRZQZHKDYH;D[LVWUDQVODWLRQOHIW
PRYHPHQW=D[LVWUDQVODWLRQEDFNZDUGPRYHPHQWDQGFRPELQDWLRQRI;DQG=WUDQVODWLRQOHIWDQGIRUZDUG
<D[LV
;
=
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


6HFRQGO\ZHQHHG WR ILQGDZD\ WRH[WUDFW WKHVHPRYHPHQWV IURP WKH RSWLFDO IORZ YDOXHV JLYHQ E\RXU
V\VWHP)LJXUHEVKRZVLGHDOFDVHVRIZKDWRXURSWLFDOIORZVVKRXOGEHIRUVRPHW\SLFDOPRYHPHQWV$VIRUWKH
PRPHQWZHRQO\ZDQWWREHDEOHWRSURGXFHTXDOLWDWLYHGDWDZHFDQGLVFUHWL]HWKH'2)LQEDVLFVPRYHPHQWV

 ;<DQG=WUDQODWLRQVPRYHPHQWV
 $Q\FRPELQDWLRQRIWZRWUDQVODWLRQVPRYHPHQWV
 =URWDWLRQPRYHPHQWV

1RZ WKH SUREOHP LV WR ILQG D PHWKRG WR PDWFK RXU DFWXDO PHDVXUHV RI RSWLFDO IORZ ZLWK WKHVH EDVLF
PRYHPHQWV:HZLOOSUHVHQWKHUHRXUVROXWLRQZKLFKLVEDVHGRQWKHWZRIROORZLQJWHFKQLTXHV

 %RXQGLQJER[PHWKRG
 ,GHDOL]HGYHFWRUILHOGFRPSDULVRQ

$ ! '	 
0RYHPHQWUHFRYHU\RIDFDPHUDLQVSDFHRQWKHEDVHRIWKHRSWLFDOLQIRUPDWLRQKDVWRGHDOZLWKWKHSK\VLFDO
SUREOHPV WKDW GLVSODFHPHQWV SDUDOOHO WR WKH RSWLFDO D[LV = WUDQVODWLRQ JLYHV RSWLFDO IORZ YHFWRUV RI DPXFK ORZHU
PDJQLWXGHWKDQWKHVDPHGLVSODFHPHQWZLWKLQWKHVDPHVFHQHEXWDORQJDQD[LVSHUSHQGLFXODUWRWKHRSWLFDOD[LV;
RU<WUDQVODWLRQ7KLVSUREOHPLVSDUWLFXODUO\LPSRUWDQWZKHQGHDOLQJZLWKDFRPELQDWLRQRISDUDOOHODQGSHUSHQGLFXODU
PRYHPHQWZKHUHLWEHFRPHVGLIILFXOWWRUHWULHYHWKHSDUDOOHOSDUWRIWKHPRYHPHQW
7KHILUVWWKLQJWRGRLVWRILQGVRPHVRUWRIILOWHUWKDWEHIRUHWKDWWKHFODVVLILFDWLRQRIPRYHPHQWVEHJLQVZLOO
EHDEOHWRWHOOXVLIWKHFXUUHQWPRYHPHQWKDVDFRPSRQHQWSDUDOOHOWRWKHRSWLFDOD[LVRULILW LVPDLQO\DPRYHPHQW
SHUSHQGLFXODUWRWKHRSWLFDOD[LVWKXVPLQLPL]LQJWKHVHWRISRVVLEOHPRYHPHQWZHVKRXOGEHORRNLQJIRU7KHLGHDLV
YHU\VLPSOHJLYHQDVHWRIRSWLFDO IORZYHFWRUVZHWDNHWKHLUERXQGLQJER[DQGERXQGLQJER[FHQWHURIPDVVDQG
GHSHQGLQJRQWKHSRVLWLRQFHQWHURIPDVVDQGVL]HRIWKLVERXQGLQJER[VHHILJZHDUHDEOHWRPDNHDILUVW
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






DEF

)LJ7KHERXQGLQJER[PHWKRGIRUSUHILOWHULQJ
D 7\SLFDOUHDOYHFWRUILHOGIRUDOHIWPRYHPHQW
E :HWDNHDOOYHFWRUVIURPDZKRVHYDULDQFHLVEHORZWKHYDULDQFHRIWKHZKROHILHOGWKDWZD\ZHH[FOXGHXQUHDO
YHFWRUVDQGSXWWKHPDWWKHRULJLQRIDQHZ'VSDFHERXQGLQJER[VSDFHVFDOH [:HWDNHWKHERXQGLQJ
ER[RIWKHYHFWRUVZKRVHDQGLWVFHQWHURIPDVV
F :HQRZ WU\ WR ILQG WRZKLFKDUHDRI WKHQHZ'VSDFH WKHVHYHFWRUVEHORQJV WR LQ WKHFXUUHQWH[DPSOH WKH\
EHORQJWRWKHFRPSRVHGPRYHPHQWVDUHDE\ORRNLQJDWWKHVL]HDQGSRVLWLRQFHQWHURIPDVVRIWKLVERXQGLQJ
ER[
9HFWRUV¶ERXQGLQJER[
%RXQGLQJER[FHQWHU
RIPDVV
;µ
<µ
1R
PRYHPHQW
;µ
<µ
;
&RPSRVHG
PRYHPHQW
3HUSHQGLFXODU
PRYHPHQW RQO\
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


FODVVLILFDWLRQEHWZHHQQRPRYHPHQWFRPELQDWLRQRI;<=PRYHPHQWVRU;<PRYHPHQWRQO\2XUFXUUHQWSUHILOWHU
XVHVWKHIROORZLQJK\SRWKHVLV

 ,IWKHERXQGLQJER[LVVPDOO$1'LWVFHQWHURIJUDYLW\EHORQJVWRWKHµQRPRYHPHQW¶DUHD)LJFRI
WKH;¶<¶VSDFH→QRPRYHPHQW
 ,IWKHERXQGLQJER[LVELJJHUWKDQDFHUWDLQWKUHVKROG$1'LWVFHQWHURIJUDYLW\EHORQJVWRWKHµFRPSRVHG
PRYHPHQW¶DUHD)LJFRI WKH;¶<¶VSDFH→KLJKSUREDELOLW\RI=PRYHPHQW%87;<PRYHPHQW
DUHSRVVLEOHWRR
 ,I WKH ERXQGLQJER[ FHQWHU RI JUDYLW\ LV DZD\ IURP WKH RULJLQ RI WKH ;¶<¶ VSDFH EHORQJV WR WKH
µSHUSHQGLFXODUPRYHPHQWRQO\¶DUHD)LJF→;<PRYHPHQWRQO\

7KHQKDYLQJLGHDOL]HGYHFWRUILHOGVIRUHDFKRQHVRIWKHSRVVLEOH'2)PRYHPHQWVVHHZHWU\WR
PDWFKRXU FXUUHQW UHDO YHFWRU ILHOGZLWK WKH LGHDOL]HGRQHV7KHFRPSDULVRQ LVPDGHRQ WKHEDVLVRIDQJXODUHUURU
EHWZHHQ DFWXDO YHFWRUV DQG WKH FRUUHVSRQGLQJ LGHDO RQHV 0RUHRYHU WKH LQIRUPDWLRQ JLYHQ E\ WKH ERXQGLQJ ER[
PHWKRG DOORZ XV WR SXW PRUH ZHLJKW RQ VRPH PRYHPHQWV¶ FRQILGHQFH =IDFWRU RU WR DYRLG FRPSXWLQJ VRPH
FRPSDULVRQ7KXV LIZHDUH LQFDVHZHFDQVHWD UHGXFWLRQ IDFWRU =IDFWRURQ WKHHUURUYDOXHVFRPSXWHG IRU=
PRYHPHQWV VR WKDW =PRYHPHQWVZLOO EHPRUH SUREDEOH WKDQ ;<RQHV DQG LI ZH DUH LQ FDVH  ZH FDQ DYRLG
FRPSXWLQJWKHFRPSDULVRQEHWZHHQWKHDFWXDOYHFWRUILHOGDQGDQ\RIWKHLGHDORQHVGHDOLQJZLWK=PRWLRQ
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
DEF

)LJ'DWDEDVHFRPSDULVRQ
D 7KHFXUUHQWLGHDOYHFWRUILHOGEHLQJXVHGDVDEDVLVRIFRPSDULVRQ
E 7KHHUURUFDOFXODWLRQWKHWRWDOFRQILGHQFHIRUDFRPSDULVRQLVJLYHQE\







F 7KHDFWXDOFRPSXWHGYHFWRUILHOG
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/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


$ ( 		
1RZZHKDYHDPHWKRGZKLFKLVDEOHIRUHDFKIUDPHRIDVHTXHQFHNQRZLQJLPDJHDWWLPHWDQGLPDJHDW
WLPHWWRJLYHXVDOOEDVLFPRYHPHQWVSUREDELOLWLHVIRUWKHPRWLRQRIWKHFDPHUD:HZDQWQRZWRH[WUDFWLQD
UHOLDEOHZD\WKHUHDOPRYHPHQWDQGZHNQRZE\VRPHWHVWVWKDWWDNLQJWKHEDVLFPRYHPHQWZKLFKPDWFKHGWKHEHVW
ZLWKWKHDFWXDOPRYHPHQWLVQRWDOZD\VWKHEHVWFKRLFH6RLQRUGHUWRDYRLGDVPXFKDVSRVVLEOHIDOVHPDWFKHVZH
KDYHWKHIROORZLQJVWUDWHJ\

 ,QVWHDGRIWDNHQWKHFXUUHQWFRPSXWHGRSWLFDOIORZYDOXHIRUWKHVXELPDJHVRIWKHFXUUHQWIUDPH
ZHWDNHWKHDYHUDJHRIWKHODVW.RSWLFDOIORZYDOXHVRIHDFKRIWKHVXELPDJHVNQRZLQJWKDWWKH
KLJKHUWKH.YDOXHLVWKHPRUHµLQHUWLD¶ZHZLOOKDYHLQPRYHPHQWWUDQVLWLRQ
 :HILOWHUWKHFXUUHQWDYHUDJHGRSWLFDOIORZWRPDNHDSUHFODVVLILFDWLRQDQGGHWHFWDQHYHQWXDOµQR±
PRYHPHQW¶RUUHGXFHWKHQXPEHURIQHFHVVDU\FRPSDULVRQV
 $IWHUKDYLQJFRPSXWHGDOO WKHPDWFKLQJFRQILGHQFHVRIRXUFXUUHQWRSWLFDO IORZYHFWRUILHOGZLWKWKH
LGHDOILHOGVZHGLYLGHWKHPLQHLJKW'PRYHPHQWFDWHJRULHVZHFDOOWKLVSDUWWKHFURVVFRQILGHQFH
FRPSXWDWLRQ 7KH HLJKW ' FDWHJRULHV DUH )RUZDUG EDFNZDUG XS GRZQ OHIW ULJKW OHIW RU ULJKW
URWDWLRQ
,WPHDQVWKDWIRUH[DPSOHDPRYHPHQWFRPSRVHGRI;DQG<WUDQVODWLRQLHOHIWDQGXSZLOODGG
LWVFRQILGHQFHWRWKHOHIWFDWHJRU\DQGWRWKHXSFDWHJRU\
7KHQZHVHOHFWWKHWZRFDWHJRULHVZKLFKKDYHWKHEHVWRYHUDOOVFRUHDQGFRPSXWHWKHPHDQVFRUH
RIWKHUHPDLQLQJFDWHJRULHV$IWHUWKDWZHHOLPLQDWHIURPZLWKLQWKHWZREHVWVFRUHVWKHRQHVZKLFK
DUH ORZHU WKDQ WKH SUHYLRXVO\ FDOFXODWHG PHDQ SOXV D FHUWDLQ WKUHVKROG ,W DOORZV WR DYRLG WKH
FODVVLILFDWLRQRIUDQGRPYHFWRUVILHOGVZKHUHWKHFRPSDULVRQVFRUHVZRXOGEHDOPRVWWKHVDPH:H
DOVR HOLPLQDWH WKH VHFRQGEHVW VFRUH LI LWV YDOXH LV WRRPXFK ORZHU WKDQ WKH ILUVW EHVW VFRUH 7KH
UHPDLQLQJUHVXOWVDUHWKHPDWFKHGPRYHPHQWV

7RVXPPDUL]HWKHFRPSOHWHDOJRULWKPRI'2)PRWLRQUHFRJQLWLRQDGLDJUDPLVJLYHQLQILJ5HVXOWVDUH
VXUSULVLQJO\JRRGRYHUDOO!FRUUHFWFODVVLILFDWLRQRQUHDOZRUOGWHVWV
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
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



/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD

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
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
)LJ6LPSOLILHGEORFNGLDJUDPRIWKHPRYHPHQWFODVVLILFDWLRQDOJRULWKP
2XU FXUUHQW DYHUDJHG RSWLFDO IORZ YHFWRU ILHOG LV FRPSDUHG WR WKH LGHDOL]HG
YHFWRU ILHOGV ZLWK UHJDUGV WR WKH RXWSXW RI WKH SUHILOWHU SHUSHQGLFXODU
PRYHPHQWV RQO\ RU SDUDOOHO DQG SHUSHQGLFXODU PRYHPHQWV JLYLQJ XV WKH
FRQILGHQFHVLQWKHYDULRXVSRVVLEOHFDQGLGDWHPRYHPHQWV
7KH SUHILOWHULQJ RI WKH DYHUDJHG RSWLFDO IORZ YHFWRU ILHOG OHWXV
NQRZZKHWKHUWKHUHLVDPRYHPHQWDQGLIWKHPRYHPHQWLVSXUHO\
SHUSHQGLFXODUWRWKHRSWLFDOD[LV
PRYHPHQWQR PRYHPHQW
:HDSSO\DILOWHUWRVHOHFWRQO\WKHPRVWFRQILGHQWGHFRXSOHGPRWLRQV
(QGRIPRYHPHQWFODVVLILFDWLRQQRZZHNQRZZKDWLVWKHPRYHPHQWRIWKHFDPHUDLQ'2)
:HFRPSXWHWKHDFWXDOIUDPHRSWLFDOIORZYHFWRUILHOG
)RUHDFKYHFWRUZHDSSO\DWHPSRUDOPRYLQJDYHUDJHRQWKHODVW.
YHFWRUV¶YDOXHV
:HVFRUHIRUHDFKRIHLJKWEDVLFGHFRXSOHGPRWLRQVZHZLOOFDOOWKHVHVFRUHV
FURVVFRQILGHQFHVEDVHGRQWKHFRQILGHQFHVJHQHUDWHGIRUWKHDERYHFRXSOHG
FDQGLGDWHPRWLRQV
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


$ 	


+DYLQJ D UHOLDEOH PHDVXUH
IRU WKHQLQHRSWLFDO IORZVZHVKRXOG
EHDEOHWRGHWHFWREVWDFOHVZKHQWKH
FDPHUDLVPRYLQJDORQJLWV=D[LV,Q
IDFWKDYLQJDQREVWDFOHLQWKHVFHQH
ZKHQ JRLQJ IRUZDUG WR LW VKRXOG
WKHRUHWLFDOO\ OHDG LQDELJJHURSWLFDO
IORZDPRQJ WKH QLQH VXELPDJHV RI
WKH VFUHHQ LQ ZKLFK WKH REVWDFOH
DSSHDUVVHH)LJ

6R E\ GHWHFWLQJ LQ DQ
DSSURSULDWHZD\ZKHQ LWRFFXUV WKDW
WKUHHVLGHPRVWRSWLFDOIORZYDOXHRI
DIUDPHKDYHDPDJQLWXGHUHDOO\JUHDWHUWKDQWKHWKUHHRSSRVLWHVLGHRQHVZHVKRXOGEHDEOHWRGHWHFWREVWDFOHV

$$  
,QWKLVILQDOVHFWLRQZHZLOOSUHVHQWWKHH[SHULPHQWZHKDYHGRQHZLWKWKHSUHVHQWHGDOJRULWKP7KHDLPZDV
WRPRYHWKHFDPHUDHLWKHULQVSDFHRUDVLILWZDVIL[HGRQDPRELOHURERWDQGVHHLILWUHFRUGHGWKHULJKWPRYHPHQWV
DQGRUGHWHFWHGUHDOREVWDFOHV$VIRUWKHLQWHUHVWRSHUDWRUVFRPSDULVRQWKHVHTXHQFHVDUHILUVWUHFRUGHGWKHQWKH
DOJRULWKPLVDSSOLHGRQWKHVDYHGGDWD+RZHYHUDVWKHFRPSOHWHF\FOHIUHTXHQF\LVa+]ZHFDQDGPLWWKDWWKH
H[SHULPHQWVKDYHEHHQUXQLQUHDOWLPHWKHRQO\UHDVRQIRUXVWRUHFRUGWKHGDWDEHIRUHDSSO\LQJWKHDOJRULWKPLVD
SUDFWLFDOUHDVRQIRUIDFLOLWDWLQJGDWDH[WUDFWLRQ7KHWHVWVZHUHDOL]HGDUHDVIROORZV

 +DQGPDGH WHVWPRYLQJ WKHFDPHUD LQRIILFH;<SODQH7KH WKHRUHWLFDOPRYHPHQW LVGRZQ ULJKWXS
VWRSIRUDZKLOHDQGWKHQOHIWXQWLOQHDUWKHVWDUWLQJSRLQW
 7KHFDPHUDEHLQJRQDPRELOHSODWIRUPZHPRYHLWPDQXDOO\IRUZDUGLQWRDQRIILFHHQYLURQPHQW:HSXW
DQµREVWDFOH¶RQWKHULJKWVLGHRIWKHSDWKDQGWU\WRGHWHFWLW7KHUHVXOWLQJPRYHPHQWVKRXOGEHDOPRVW
VWUDLJKWIRUZDUG
 7KHFDPHUDLVRQDPRELOHURERWSODWIRUPDQGWKHURERWLVPDQXDOO\PRYHGDORQJRIILFHVKDOOZD\V7KH
WUDMHFWRU\FRQVLVWRIDIRUZDUGPRYHIROORZHGE\DOHIWHGJHWXUQDQGDVHFRQGIRUZDUGPRYH

7KHPRYHPHQWVSHHGIRUWHVW	LVaLQVHFFPVHFDQGaLQVHFFPVHFIRUWHVWWKHDYHUDJH
IUDPHUDWHZDVa+]RQWKH3HQWLXPODSWRSVHH7DEOH
















DE

)LJ,GHDOFDVHVRI
D 0RYLQJIRUZDUGZLWKRXWREVWDFOHV
E 0RYLQJ IRUZDUG ZLWK DQ REVWDFOH RQ WKH OHIW VLGH RI WKH VFHQH
7DVN 7LPH>PV@ 
,PDJHORDGLQJ  
$OJRULWKP  
0RY5HFRJQLWLRQ  
2WKHUVHYHQWV  
7RWDO  
&RPSOHWH,QWHUHVWRSHUDWRU2SWLFDOIORZFRPSXWDWLRQ3UHILOWHULQJDOJRULWKP

7DEOH$YHUDJHWLPLQJYDOXHVIRURXUFRPSOHWHDOJRULWKPUXQQLQJRQWKH0+]3HQWLXPDIWHUVSHHGRSWLPL]DWLRQ
QHFHVVDU\IRUWKHSFSRUWLQJVHH
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


)ROORZLQJDUHILJXUHVUHSUHVHQWDWLYHVRIRXUWHVWV)RUILJXUHV	ZHKDYHIURPWRSWRERWWRPDQGOHIW
WR ULJKWVRPH IUDPHVRI WKHFRPSOHWHVHTXHQFHDJUDSKVKRZLQJXV IRUDFHUWDLQ IUDPHDOOEDVLFVPRYHPHQWV
SUREDELOLWLHVDQGWRLWVULJKWWKHPHDQLQWHJUDWHGGLVSODFHPHQWFRPSXWHGRQWKHEDVHRIWKHRSWLFDOIORZYDOXHV)LJ
VKRZVWKHHQYLURQPHQWXVHGLQWKHRIILFHKDOOZD\VWHVWDQGWKHSDWKIROORZHG7KHIROORZLQJUXOHVKDYHEHHQXVHG
IRUFDOFXODWLQJWKHUHVXOWV
 ZH GR QRW WDNH LQWR DFFRXQW WKH PRYHPHQW FODVVLILFDWLRQ HUURUV ZKHQ WKH\ RFFXU LQ D WUDQVLWLRQ RI
PRYHPHQW WKDWPHDQVWKDWZHZDLW IRU WKHILUVW IUDPHUHWXUQLQJDFRUUHFWPRYHPHQWFODVVLILFDWLRQIRUD
JLYHQPRYHPHQWWRVWDUWFRXQWLQJIDOVHFODVVLILFDWLRQV
 IRU D =PRYHPHQW WR EH FODVVLILHG FRUUHFWO\ LW RQO\ QHHGV WKDW RQH RI WKH WZR VHOHFWHG FDWHJRULHV RI
PRYHPHQWLVWKH=RQH

7KHRYHUDOOUHVXOWVDUHWKHIROORZLQJ

• 7HVWFRUUHFWPRYHPHQWFODVVLILFDWLRQIRUIUDPHVZLWKLQDWRWDORIVWDUWLQJIUDPHVXVHGWR
KDYHDFRUUHFWPHDQYDOXHIRURXURSWLFDOIORZWUDQVLWLRQVHUURUV
• 7HVW  a FRUUHFW PRYHPHQW FODVVLILFDWLRQ IRU  IUDPHV ZLWKLQ D WRWDO RI    VWDUWLQJ IUDPHV
&RQFHUQLQJ REVWDFOH GHWHFWLRQ ZH FRUUHFWO\ GHWHFWHG WKH REVWDFOH GXULQJ  RI WKH IUDPHV  FRXQWLQJ
IUDPHV IURP WKHPRPHQWZKHQ WKH REVWDFOH LV ILUVW GHWHFWHG WR WKHPRPHQWZKHQ WKH REVWDFOH LVQ¶WPRUH
YLVLEOH )DOVH GHWHFWLRQV RFFXUUHG GXULQJ  RI WKH RWKHUV IUDPHV 7KH SHUFHQWDJH RI FRUUHFW REVWDFOH
GHWHFWLRQLVYHU\ORZEXWFRQVLGHULQJWKDWLW¶VHQRXJKWRVHHRQFHDQREVWDFOHWRDYRLGLWLWLVXVDEOH2QWKH
RWKHUKDQGKDYLQJRIWKHWLPHDIDOVHREVWDFOHGHWHFWLRQLVDSUREOHP+RZHYHUE\FDUHIXOO\ORRNLQJWKH
IUDPHE\ IUDPHGDWD RQH FDQ VHH WKDW D IDOVH GHWHFWLRQ KDV D VPDOOHU GXUDWLRQ LQ WHUPRI FRQVHFXWLYHV
IUDPHVWKDQDUHDORQH
• 7HVW$OWKRXJKWKHREVWDFOHGHWHFWLRQLVHQDEOHGLQWKLVWHVWWKHPDLQH[SHULPHQWZDVWRVHHWKHFDSDELOLW\
RIWKHDOJRULWKPWRFRUUHFWO\FODVVLI\PRYHPHQWLQDUHDOURERWFDVH7KHFODVVLILFDWLRQUHVXOWVDUHDVIROORZV
aFRUUHFWFODVVLILFDWLRQ IRU WKH ILUVWSDUWRIPRYHPHQW VHOHFWHG IUDPHVaIRU WKH OHIW WXUQ 
VHOHFWHG IUDPHVDQGaIRU WKHVHFRQG IRUZDUGPRYHVHOHFWHG IUDPHV7KHPHDQVFRUH LVa
VHOHFWHGIUDPHVRYHUH[LVWLQJRQHVWKHXQVHOHFWHGIUDPHVDUHHLWKHUQRPRYHPHQWIUDPHVZKHQ
WKHURERWZDVVWRSSHGEHWZHHQWKHPRYHVRUWUDQVLWLRQHUURUV


7KHIROORZLQJSDUDPHWHUVZHUHXVHG

 .QXPEHURIIUDPHVRQZKLFKWKHRSWLFDOIORZYHFWRUVDUHDYHUDJHGHTXDOV
 =IDFWRUUHGXFWLRQIDFWRURQWKHHUURUYDOXHVRI=PRYHPHQWFRQILGHQFHFRPSXWDWLRQHTXDOV


7KHRYHUDOOFRUUHFWFODVVLILFDWLRQRIPRYHPHQWV LVEHWWHU WKDQ7KHVH ILUVWZRUNVWDWLRQEDVHGUHVXOWVDUH UHDOO\
JRRG FRQVLGHULQJ WKH ORZ FRPSXWDWLRQ SRZHU ZH DUH XVLQJ 7KH REVWDFOH GHWHFWLRQ FDSDELOLW\ LV QRW VR HDVLO\
PHDVXUDEOHDQG LVPRUHDSUDFWLFDO UHVXOW WREH WHVWHG LQ UHDO URERWDSSOLFDWLRQVEXW UHVXOWVREWDLQHG LQ WHVWDUH
HQFRXUDJLQJ2IFRXUVHWKHHQYLURQPHQWZHFKRVHIRUWKHVHH[SHULPHQWVIXOILOOWKHUHTXLUHPHQWVQHHGHGIRURSWLFDO
IORZZKLFKPHDQVWKDW WKHFDPHUDZDVDOZD\VORRNLQJDWFRQWUDVWHGHQRXJKLPDJHVDQGWKDW OLJKWVRXUFHVZKHUH
VWDEOH LQGRRU OLJKWQLQJ ,IZHPDNH WKHVDPH WHVWVZLWK D QRQFRQWUDVWHGEDFNJURXQG RUZLWK FKDQJLQJ OLJKWQLQJ
FRQGLWLRQVWKH\ZLOOFRPSOHWHO\IDLO«
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


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




)LJ7HVW;<PRYHPHQWLQRIILFHHQYLURQPHQW

8SSHULPDJHV(YHU\IUDPHVRIWKHVHTXHQFH%HDWWHQWLYHWRWKHRSWLFDOIORZYHFWRUVRQWKHIUDPHV:HFDQVHHWKDW
WKHUHDUHVRPHHUURUVLQWKHILHOGHJIUDPHXSSHUOHIWFRUQHURSWLFDOIORZJRHVGRZQLQVWHDGRIULJKW
ZKLFKDUHHUURUVGXHWRWU\LQJWRFRPSXWHRSWLFDOIORZRQDIODWSDLQWHGVXUIDFH
%RWWRPOHIWLPDJH([DPSOHRIHYHU\EDVLFPRYHPHQWVSUREDELOLW\EDVHGRQWKHODVWIUDPHRIWKHVHTXHQFH7KHUHDGHU
LPPHGLDWHO\VHHVWKDWWKHPRVWSUREDEOHPRYHPHQWVKRXOGEHDFRPSRVLWLRQRIXSDQGOHIWPRYHPHQW
%RWWRPULJKWLPDJH5HVXOWLQJSDWKRIWKH'PRWLRQDFWXDOO\ZKDWZHZHUHORRNLQJIRU



/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


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


)LJ7HVWIRUZDUGPRYHPHQWLQRIILFHHQYLURQPHQWZLWKREVWDFOH

8SSHULPDJHV(YHU\IUDPHVRIWKHVHTXHQFH2QIUDPHVDQGZHFDQVHHDELJVTXDUHRQRQHRIWKHVLGHRI
WKHVFUHHQLWLVWKHVLJQDOWKDWDQREVWDFOHKDVEHHQGHWHFWHGLQWKLVIUDPH'HWHFWLRQVLQIUDPHVDQDUH
IDOVHRQHVZKHUHDVWKRVHRIIUDPHVDQGDUHFRUUHFWRQHV
%RWWRPOHIWLPDJH([DPSOHRIHYHU\EDVLFPRYHPHQWVSUREDELOLW\EDVHGRQWKHODVWIUDPHRIWKHVHTXHQFH7KHUHDGHU
LPPHGLDWHO\VHHVWKDWWKHPRVWSUREDEOHPRYHPHQWVKRXOGEHDFRPSRVLWLRQRIOHIWDQGIRUZDUG
%RWWRPULJKWLPDJH5HVXOWLQJSDWKRIWKH'PRWLRQDFWXDOO\ZKDWZHZHUHORRNLQJIRU)RUZDUGPRYHPHQWLVVHHQDVDQXS
PRYHPHQWDQGZHKDYHDOLWWOHGULIWWRWKHOHIW


 
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


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

)LJ7HVWFRUULGRUKDOOZD\LQRIILFHHQYLURQPHQW:HKDYHDVFKHPDWLFUHSUHVHQWDWLRQRIWKHSDWKIROORZHGE\WKHURERW
ZLWKDWVRPHSRVLWLRQVWKHLPDJHWDNHQE\WKHFDPHUDDQGFRUUHVSRQGLQJIUDPHQXPEHU$WSRLQW$WKHURERW
VWRSVWXUQVOHIWVWRSVDJDLQDQGJRIRUZDUG
 ,WLVLQWHUHVWLQJWRVHHE\UHDGLQJWKHIUDPHE\IUDPHUHSRUWWKDWREVWDFOHGHWHFWLRQFRXOGKDYHEHHQXVHIXOGXULQJ
WKLVPRYH'XULQJWKHILUVWIRUZDUGPRYHPHQWWKHURERWGHWHFWVREVWDFOHRQKLVULJKWVLGHZDOOXQWLOLW¶VQHDUWKH
GRRUZKHUHLWGHWHFWVWKHOHIWSDUWRIWKHGRRUDVDQREVWDFOH7KHQRQWKHVHFRQGIRUZDUGPRYHWKHURERWDOPRVW
DOZD\VGHWHFWDQREVWDFOHRQLWVULJKWVLGHZDOO

5RERWYLHZDWIUDPH
5RERW VWDUWLQJ
SRVLWLRQ

5RERWYLHZDWIUDPH

5RERWYLHZDWIUDPH

5RERWYLHZDWIUDPH
'RRUV
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


) *	
 
,Q WKH IROORZLQJFKDSWHUVZHZLOO ILUVWGHVFULEH WKH URERW WKHQVXPPDUL]H WKHZKROHSURFHVVRISRUWLQJRXU
ODSWRSDSSOLFDWLRQWRDSFEDVHGRQHDQGILQDOO\SUHVHQWWKHYDULRXVH[SHULPHQWVDQGUHVXOWVXVHGWRYDOLGDWHRXU
DOJRULWKP


) !
7KHURERW LVDFXVWRPPDGHGLIIHUHQWLDOGULYHRQH7KHPRWRUVDUHPRGLILHGVHUYRV WKHPRWRUFRQWUROOHU LV
EDVHGRQDKRPHPDGH3LFFDUGZKLFKFRPPXQLFDWHVWRWKHURERWVEUDLQODSWRSRUZRUNVWDWLRQYLDD56VHULDO
OLQN$Q\GLIIHUHQWLDOGULYHURERWFRXOGKDYHEHHQXVHGDV ORQJDV LW¶VELJDQGSRZHUIXOHQRXJKWRFDUU\WKHSF
ERDUGWKHZHEFDPDQGWKHSRZHUVRXUFHQHHGHG
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

7KHPRWRUFRPPDQGERDUGXVHGLVDVLPSOHPXOWLSXUSRVHSLFEDVHGERDUGZKLFKKDVEHHQUHSURJUDPPHG
LQRUGHUWRFRPPXQLFDWHZLWKD3&WRUHFHLYHFRPPDQGVIRUWKHPRWRUV'XHWRWKHVPDOOPRWRUVGULYHUVFDSDEOHRI
GULYLQJRQO\9#$ZHKDGWRXVHVPDOOPRWRUVVRZHFKRVHWRXVHWKHPRVWVLPSOLVWLFZD\RIKDYLQJDPRWRU
ZLWKJHDUER[E\XVLQJPRGLILHGVHUYRV






D        E


)LJ7KHKRPHPDGHGLIIHUHQWLDOGULYHURERWDDQGWKH1RPDG6FRXWXVHGLQWKHµPDVWHUDQGVODYH¶H[SHULPHQWE
2QERWKLVPRXQWHGWKH7R8&DPZHEFDPXVHGIRURXUH[SHULPHQWV
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


) +
$VLWKDVDOUHDG\EHHQVDLGWKHSULQFLSDODLPRIWKHELJSURMHFWLQZKLFKWKLVZRUNVLVLQFOXGHGLVWRDFKLHYHD
ORZFRVWYLVLRQEDVHGVHQVRU%XWZHDOVRZDQWRXUV\VWHPDVVPDOODQGOLJKWZHLJKWDVSRVVLEOHZKLFKPHDQVWKDW
ZHGRQ¶WZDQW WRXVHD ODSWRSRUDQ\ZRUNVWDWLRQDV WKH µEUDLQ¶RIRXU URERWEXW UDWKHUDFDUGVL]HRQH$VD ILUVW
DSSURDFKZH FKRVH D ORZFRVW SFERDUG WKH DGYDQWHFK 3&0  )LJ  ZKLFK LV EDVHGRQ D IDQOHVV
0+]*HRGHSURFHVVRU)XUWKHUVSHFLILFDWLRQVFDQEHIRXQGLQ>@


7KHPDLQVWHSLQWKHSRUWLQJRIWKHDSSOLFDWLRQLVWRRSWLPL]HWKHFRGHVRWKDWWKHDSSOLFDWLRQFDQEHODXQFKHG
LQUHDOWLPHRQWKHSF,QIDFW LWDSSHDUHGWKDWDIWHURSWLPL]DWLRQRXUFRPSOHWHDOJRULWKPWDNHVaPVWRUXQ
ZKHQ ORDGLQJSUHYLRXVO\VDYHG LPDJHVVHTXHQFHV IURPWKH+'%XWZKHQ WU\LQJ WRJHW UHDOWLPH LPDJHV IURPWKH
FDPHUD WKHZKROHSURJUDPVORZVGRZQ WRDF\FOH WLPHRIaPV VHH7DEOH)RU WKHPRPHQW WKLV LVDQ
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
)LJ7KHFXUUHQWO\XVHG3&0SFERDUG


7DVN
3&WLPLQJV>PV@
$%&
/DSWRSWLPLQJV>PV@
%&
,PDJHORDGLQJJUDEELQJ     
$OJRULWKP     
0RY5HFRJQLWLRQ     
2WKHUVHYHQWV     
7RWDO     
&RPSOHWHLQWHUHVWRSHUDWRURSWLFDOIORZSUHILOWHUDOJRULWKP

7DEOH$YHUDJHF\FOHWLPHPHDVXUHPHQWV>PV@:HXVHGWKHIROORZLQJVHWWLQJV

$2IIOLQHLPDJHVORDGHGIURP+'IUDPHVORQJEHIRUHRSWLPL]DWLRQ
%6DPHDV$DIWHURSWLPL]DWLRQ
&2QOLQHQRPRYHPHQWLPDJHVJUDEEHGE\WKHFDPHUD
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


XQUHVROYHGSUREOHPDVQRUPDOO\JUDEELQJLPDJHVIURPWKHFDPHUDVKRXOGWDNHOHVVWLPHWKDQORDGLQJWKHPIURPWKH
+'VLQFHWKHFDPHUDLVDEOHWRUXQDWPRUHWKDQ+=ZKHQXVLQJWKHFDPHUDSURSULHWDU\SURJUDPV0RUHRYHUWKH
LQFUHDVHLQWLPHRQWKHSFIRUWKHDOJRULWKPLWVHOIZKHQJUDEELQJUHDOWLPHLPDJHVVKRXOGQRWEHVRELJWLPHV
YVWLPHVIRUWKHODSWRS,WDSSHDUVWKDWLWLVLQIDFWDKDUGZDUHSUREOHPFRPLQJIURPWKHLPSOHPHQWDWLRQRI86%
RQSF7KXVIRUWKHPRPHQWUHDOWLPHURERWEDVHGH[SHULPHQWVKDYHRQO\EHHQGRQHZLWKWKHODSWRSDVµEUDLQ¶
DOWKRXJKWKHRUHWLFDOO\VDPHUHVXOWVZRXOGKDYHEHHQDFKLHYHGRQWKHSFLIWKHLPDJHJUDEELQJWLPHZDVIDVWHU

)  
:HKDYHVHHQLQFKDSWHUWKDWRXUDOJRULWKPLVFDSDEOHWRRXWSXWJRRGTXDOLWDWLYHLQIRUPDWLRQZKHQGHDOLQJ
ZLWKKDQGPDGH'2)PRYHPHQWV1RZZHZDQWWRYDOLGDWHWKHVHUHVXOWVLQWKHUHDOURERWZRUOGZKHUHWKHUHDUH
YLEUDWLRQVGXHWRPRWRUVRUZKHHOVVKRFNVDQGEXPSVGXHWRWKHWHUUDLQDQGRUWKHURERWPRYHPHQWV
7KHILUVWLPSRUWDQWFKDQJHIURPWKHSUHYLRXVH[SHULPHQWVLVWKHUHGXFWLRQRIWKHQXPEHURI'2)ZHVKRXOG
EHDEOHWRUHWULHYH ,QGHHGWKHSRVVLEOHPRYHPHQWRIDPRELOHURERWZLOOEHUHVWULFWHGWRDSODQHPRUHRYHUZLWKD
GLIIHUHQWLDOGULYHURERWZHZLOORQO\KDYH'2)WUDQVODWLRQURWDWLRQ+RZHYHURQHPXVWFRQVLGHUDOOSRVVLEOH
RULHQWDWLRQVIRUWKHFDPHUD7KXVWKHILUVWFKRLFHWRPDNHFRQFHUQVWKHFDPHUDLWVHOI
6KRXOG LW EH SRLQWLQJ IRUZDUG RU WR WKH JURXQGRU FHLOLQJ ":RXOG LW EH EHWWHU WR XVH VHYHUDO FDPHUDV RU
µVSHFLDO¶FDPHUDVSDQRUDPLFFDPHUDZLGHDQJOH«"
$QVZHULQJWKHVHFRQGTXHVWLRQLVHDV\$VZHVDLGWKDWZHZLOOXVHFKHDSFDPHUDVZHZLOOXVHRXUZHEFDP
µDVLV¶ZLWKRXWDQ\PRGLILFDWLRQV7KHTXHVWLRQRIXVLQJRQHRUPRUHFDPHUDVFDQEHGLVFXVVHGEXWZHFKRVHWRWU\
ZLWKRQO\RQHFDPHUDIRUWKHPRPHQW)RUWKHTXHVWLRQRIWKHRULHQWDWLRQLQLGHDOFDVHVZHZRXOGQRWSRLQWIRUZDUG
DVZHNQRZWKDWLWLVGLIILFXOWWRFRUUHFWO\UHWULHYHPRYHPHQWVSDUDOOHOWRWKHRSWLFDOD[LV+RZHYHUDIWHUVRPHWHVWVLW
DSSHDUHG WKDW SRLQWLQJ WR WKH JURXQG ZDV QRW UHOLDEOH DW DOO DV WKH JURXQG ZDV HLWKHU QRQWH[WXUHG RU LWV WH[WXUH
SDWWHUQ ZDV WRR VPDOO WR EH FRUUHFWO\ XVHG E\ RXU DOJRULWKP 3RLQWLQJ WR WKH FHLOLQJ VRPHWLPHV EULQJV WKH VDPH
SUREOHPVEXWWKHPDMRUGUDZEDFNLVWKDWWKHOLJKWVEULQJRYHUH[SRVHGDQGXQXVDEOHLPDJHV6RZHFRQGXFWHGDOOWKH
WHVWVZLWKWKHFDPHUDSRLQWLQJIRUZDUG
7KHIROORZLQJH[SHULPHQWVDUHQRWLQWHQGHGWREULQJDORWPRUHGDWDDERXWRXURSWLFDOIORZTXDOLWDWLYHRXWSXW
EXWUDWKHUWRFRQILUPWKHUHVXOWVZH¶YHKDGLQFKDSWHUEXWZLWKDUHDOURERWDQGUHVWULFWHG'2)7KHILUVWH[SHULPHQW
LVPRUHDGHPRQVWUDWLRQRI WKHTXDOLW\RI WKHTXDOLWDWLYH LQIRUPDWLRQWKDWZHDUHDEOHWRUHFHLYHIURPRXUDOJRULWKP
ZKLOHWKHVHFRQGRQHGHDOVZLWKDQHYHQWXDOGLUHFWDSSOLFDWLRQRIRXUDOJRULWKP:HWU\WRJXLGHDURERWRQDVWUDLJKW
OLQHRQO\RQWKHEDVHRIYLVXDOIHHGEDFNZLWKRXWDQ\RGRPHWULFLQIRUPDWLRQ7KHVHH[SHULPHQWVZLOODOVRVKRZWKDWLQ
WKHFXUUHQWFRQILJXUDWLRQVHHIRUPRUHGHWDLOVRXUDOJRULWKPLVQRWYHU\XVHIXOIRUTXDQWLWDWLYHRUJHRPHWULFURERW
QDYLJDWLRQEXWRSHQVD ORWRI LQWHUHVWLQJDSSOLFDWLRQVEDVHGRQTXDOLWDWLYHQDYLJDWLRQZKLFKFRXOGEHEDVHGRQRXU
DOJRULWKP

) (		
	
,QWKLVH[SHULPHQWWKHFDPHUDLVPRXQWHGRQDPDVWHUURERWLQRXUFDVHD1RPDG6FRXWILJE7KHPDVWHUURERW
LVWKHQPRYHGDURXQGDQGRXUURERWFDOOHGµVODYH¶URERWKDVWRPDNHWKHVDPHPRYHPHQWVDVWKHPDVWHUURERWRQO\
RQWKHEDVHRIWKHYLVXDOLQIRUPDWLRQJLYHQE\WKHFDPHUDPRXQWHGRQLW:HPDNHWKHDVVXPSWLRQWKDWWKHPDVWHU
URERWRQO\PDNHVGHFRXSOHGPRYHPHQWVLHRQO\IZGENZGWUDQVODWLRQRUOHIWULJKWURWDWLRQ+RZHYHURQWKHµVODYH¶
URERWZHDOORZFRXSOHGPRYHPHQWV WREHSURFHVVHGZKLFKPHDQV WKDWZH WDNH LQWRDFFRXQW WKHGULIWV WKDW FRXOG
RFFXUZKHQWU\LQJWRPRYHWKHPDVWHUURERW LQVWUDLJKWPRWLRQRU LQWKHRSSRVLWHZD\WKHIDOVHGULIWVVHHQE\RXU
DOJRULWKP

/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


7KHIROORZLQJSDUDPHWHUVZHUHXVHG

 .QXPEHURIIUDPHVRQZKLFKWKHRSWLFDOIORZYHFWRUVDUHDYHUDJHGHTXDOV
 =IDFWRUUHGXFWLRQIDFWRURQWKHHUURUYDOXHVRI=PRYHPHQWFRQILGHQFHFRPSXWDWLRQHTXDOV

2I FRXUVH DV ZH DUH QRW DEOH WR JHW UHOLDEOH LQIRUPDWLRQ DERXW WKHPDJQLWXGH RI WKH GLVSODFHPHQWV WKH
PRYHPHQWVRIRXUµVODYH¶URERWDUHRIWHQGLIIHUHQWIURPWKRVHRIWKHPDVWHUURERWGLIIHUHQWVSHHGDQGRUPDJQLWXGH
EXW WKH LPSRUWDQW WKLQJ WR VHH LV WKDW WKH DOJRULWKP DVZH VDZ LQ   LV FDSDEOH WR RXWSXW UHOLDEOH TXDOLWDWLYH
LQIRUPDWLRQDERXWWKHPRYHPHQWRIWKHFDPHUD










D

(QYLURQHPHQW 1XPEHURIIUDPHVRI
WKHPDVWHU¶VPRYHPHQW
1RLV\IUDPHVXQDEOH
WRGHFLGHPRYHPHQW
7UDQVLWLRQ
HUURUV
)DOVHPRYHPHQW
IUDPHV
&RUUHFW
IUDPHV
F     
G     
H     
$YHUDJH>@     

E











FGH

)LJ7KHPDVWHU	VODYHH[SHULPHQW
D 7KHWHVWPRYHPHQWLVPDGHE\IZGPYWOHIWWXUQENZGPYWGRXEOHIZGPYWULJKWWXUQIZGPYWDOOWXUQV
DUH°DOOVLQJOHIZGENZGPRYHPHQWDUHaFPORQJ
E 7DEOHUHSRUWLQJWKHPRYHPHQWFODVVLILFDWLRQUHVXOWV
FGH7KHDSSUR[LPDWHUHDOSDWKIROORZHGE\WKHVODYHURERWUHG IZGWUDQVODWLRQJUHHQ ENZGWUDQVODWLRQ
6WDUW
)LQLVK

/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


:HVHWDWHVWPRYHPHQWVHHILJDWREHGRQHLQDIHZHQYLURQPHQWVDQGZHMXVWORRNHGDWWKHRXWSXW
PRYHPHQWRIWKHVODYHURERW7KHSDWKGUDZQRQILJF	GDUHDQDSSUR[LPDWLRQRIZKDWZDVWKHSDWKRIWKHVODYH
URERWGXULQJWKHH[SHULPHQW:HEDVHRXUVHOYHVRQWKHFRPPDQGVVHQWWRWKHVODYH¶VPRWRUVWRKDYHDQLGHDRIZKDW
WKHPRYHPHQWRI WKLV URERW VKRXOGEH 7KHVH SDWKVKDYH QRRWKHU YDOXHV WKDQ VKRZLQJ WKDW WKH VODYHPRYHPHQW
VKDSHLVDSSUR[LPDWHO\WKHVDPHDVWKHPDVWHURQHDQGPRUHRYHUWRVKRZWKDWHIILFLHQWTXDQWLWDWLYHPHDVXUHPHQW
FDQQRWEHDFKLHYHGZLWKWKHFXUUHQWDOJRULWKP
7KH ILUVWDQGVHFRQG WHVW )LJFDQGGKDYHEHHQPDGH LQ WKHVDPHHQYLURQPHQWDQGRQ WKHVDPH
FRXUVHHQYLURQPHQWFRPSDUDEOHWRWKHRQHRI WKHVWUDLJKWPRWLRQH[SHULPHQW7DEOH%	&EXW LQWKHILUVW
RQH WKH PRYHPHQW VSHHG ZDV  FPV IRU WUDQVODWLRQV DQG a°V IRU URWDWLRQV ZKHUHDV WKH VSHHG ZDV DOPRVW
GRXEOHGIRUWKHVHFRQGWHVW7KHWKLUGWHVWKDVEHHQFRQGXFWHGLQDFRPSOHWHO\GLIIHUHQWRIILFHOLNHHQYLURQPHQWVDPH
DV7DEOH$DQGWKHVSHHGRIWKHPDVWHUURERWZDVDSSUR[LPDWHO\WKHVDPHDVLQWKHILUVWH[SHULPHQW7KHPDLQ
GLIIHUHQFH EHWZHHQ WKH ILUVW H[SHULPHQWV DQG WKH WKLUG RQHZDV WKDW WKH HQYLURQPHQW ZDVPXFKPRUH µVPDOO¶ ,Q
H[SHULPHQWV	 WKHPHDQGLVWDQFH IURPWKHFDPHUD WRDQREVWDFOHZDVDOZD\V!PHWHUZKHUHDV LQ WKH WKLUG
H[SHULPHQWWKLVGLVWDQFHZDVDOZD\VPHWHU7KHPDLQSUREOHPZLWKVXFKDVPDOOGLVWDQFHEHWZHHQWKHFDPHUD
DQG WKH REVWDFOHV EDFNJURXQG LV WKDW VRPHWLPHV WKH DOJRULWKP LV QRW DEOH WR ILQG HQRXJK LQWHUHVWLQJ SRLQWV WR
FRPSXWHRSWLFDOIORZYHFWRUVOHDGLQJLQQRLV\RXWSXWVVHHHUURUGHVFULSWLRQEHORZ
7RKDYHDPHDVXUHPHQWRIKRZJRRGRXUVODYHURERWIROORZVWKHPDVWHU¶VPRYHPHQWVZHWDNHLQWRDFFRXQW
WKHQXPEHURIIDOVHPRYHPHQWVWKHVODYHGRHVZKLFKFDQEHGLYLGHGLQWKUHHFDWHJRULHV

 7KH IDOVHPRYHPHQW FODVVLILFDWLRQ ZKHUH WKH DOJRULWKP RXWSXWV WKH ZURQJPRYHPHQW:H GRQ¶W FDUH
ZKHQLQIRUZDUGRUEDFNZDUGWUDQVODWLRQDOHIWRUULJKWFRPSRQHQWLVFRXSOHGZLWKDIRUZDUGRUEDFNZDUG
RQHEXWZKHQDIRUZDUGRUEDFNZDUGFRPSRQHQWLVSUHVHQWGXULQJDVXSSRVHGOHIWRUULJKWURWDWLRQWKLV
LVFRXQWHGDVDQHUURU
 7KHWUDQVLWLRQHUURUVZKHQWKHDOJRULWKPQHHGVVRPHIUDPHVWRSDVVIURPDPRYHPHQWWRDQRWKHU
 7KHFODVVLILFDWLRQVSUREOHPV:KHQWKHRSWLFDOIORZYHFWRUILHOGLVµUDQGRP¶WKHDOJRULWKPLVQRWFRQILGHQW
HQRXJKLQDQ\RIWKHSRVVLELOLWLHVRIPRYHPHQWDQGLWVRXWSXWLVµQRLV\PRYHPHQW¶

:HDOVRJUDSKLFDOO\FRPSDUHWKHSDWKRIWKHVODYHWRWKHUHDOSDWKVHH)LJFGH

)URPWKHJUDSKLFDOFRPSDULVRQZHFDQVD\WKDWWKHVODYHURERWPRYHPHQWVKDSHLVVLPLODUWRWKHPDVWHU¶V
EXW LW LV QRW VXUSULVLQJ DV ZH NQHZ IURP  WKDW TXDOLWDWLYHPHDVXUHPHQW ZHUH UHOLDEOH )URP WKH VWXG\ RI WKH
FODVVLILFDWLRQHUURUVZHFDQVHHWKDW

 )DOVHPRYHPHQWFODVVLILFDWLRQVHHPVWRRFFXUUDQGRPO\
 7UDQVLWLRQ HUURUVPDLQO\ RFFXU ZKHQ URWDWLQJ 7KH UHDVRQ LV WKDW WKHPRYLQJ DYHUDJHXVHG WR VPRRWK
PRYHPHQWV EULQJV D FHUWDLQ LQHUWLD WR SDVV IURPD µQRPRYHPHQW¶ WR D µOHIW¶ RU µULJKWPRYHPHQW¶ RQO\
,QGHHGWKHUHDUHDOZD\VVRPHIUDPHVZKHUHWKHDOJRULWKPRXWSXWV µ OHIWDQGIRUZDUG¶RU µEDFNZDUGDQG
OHIW¶LQVWHDGRIWKHUHDOµOHIW¶RQO\PRYHPHQW7KHVHIDOVHFODVVLILFDWLRQVFRPHPDLQO\IURPWKHIDFWWKDWZH
DUHPDNLQJ DPRYLQJ WHPSRUDO DYHUDJLQJ RI WKH RSWLFDO IORZ YHFWRUV 7KXV ZKHQ WKH URERW VWRSV IRU
H[DPSOHWKHYHFWRUVGRQ¶WIDOOLPPHGLDWHO\WRDPSOLWXGHEXWUDWKHUGLPLQLVKLQVL]HGXULQJDQXPEHURI
IUDPH FRUUHVSRQGLQJ WR WKH PRYLQJ DYHUDJH VL]H $QG GXULQJ WKLV WLPH LQWHUYDO DOO PRYHPHQW
FODVVLILFDWLRQZLOOEHIDOVH LQWKHEHVWFDVHWKH\DUH LQFRQWLQXDWLRQZLWKWKHPRYHPHQWSUHFHGLQJWKH
VWRSVRZHGRQ¶WUHDOL]HWKDWWKHUH¶VIDOVHFODVVLILFDWLRQ7KLVSUREOHPLVPDLQO\SUHVHQWZLWKOHIWRUULJKW
URWDWLRQDOPRYHPHQWVDVWKHLUPDJQLWXGHDQGLQHUWLDLVELJJHU
 &ODVVLILFDWLRQSUREOHPVDUHVRPHWLPHWUDQVLWLRQVSUREOHPVEXWDUHPDLQO\UDQGRPO\GLVWULEXWHGH[FHSW
LQ WKH WKLUG H[SHULPHQW ZKHUHZH KDGPRUH QRLV\ RXWSXWV GXH WR GLIILFXOWLHV IRU WKH DOJRULWKP WR ILQG
LQWHUHVWSRLQWV
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD



7KHVSHHGGLIIHUHQFHEHWZHHQH[SHULPHQWV	GRHVQ¶WEULQJDQ\PRUHHUURUVLWLVUDWKHUWKHRSSRVLWH%XW
E\FDUHIXOO\ORRNLQJDWWKHVWHSE\VWHSPRYHPHQWFODVVLILFDWLRQZHPDGHWKHIROORZLQJREVHUYDWLRQV

 IRUWUDQVODWLRQSDUDOOHOWRWKHRSWLFDOD[LVZHVHHWKDWWKHTXLFNHUWKHPRYHPHQWLVWKHPRUHUHOLDEOH
WKHPRYHPHQWFODVVLILFDWLRQLVDVWKHPDJQLWXGHRIWKHRSWLFDOIORZYHFWRUVZLOOEHELJJHU
 ZKHQWKHURERWURWDWHVWRRTXLFNO\LWFDQRFFXUWKDWWKHRSWLFDOIORZYHFWRUVDUHWRRELJDQGQRWDQ\
PRUHUHOLDEOHWKHSL[HOGLVSODFHPHQWH[FHHGVWKHVL]HRIWKHQHLJKERUKRRGSDWFK

1RZLIZHWU\WRFKDUDFWHUL]HWKHTXDQWLWDWLYHPHDVXUHPHQWTXDOLW\RIRXUFXUUHQWDOJRULWKPHYHQLILWLVQRW
WKHILUVWDLPRIWKLVH[SHULPHQWZHZLOOILUVWGLVFXVVDERXWWKHILUVWWZRH[SHULPHQWV

 SUREOHPV PDLQO\ RFFXU ZKHQ URWDWLQJ ZKHUH LW LV GLIILFXOW WR KDYH D FRUUHFW HVWLPDWLRQ RI WKH
PDJQLWXGH RI WKH PRYHPHQW :H FDQ VHH LQ )LJ  F DQG G WKDW WKH ILUVW URWDWLRQ LV DOZD\V
XQGHUHVWLPDWHGZKHUHDVWKHVHFRQGRQHDSSHDUVWREHTXLWHZHOOUHSURGXFHG7KLVLVPDLQO\GXHWR
WKH SRRU UHSHDWDELOLW\ RI RXU DOJRULWKP ZKLFK LV GLUHFWO\ UHODWHG WR WKH EDFNJURXQG RQ ZKLFK WKH
FDPHUD LVSRLQWLQJ%HWZHHQ WKH WZRHGJH WXUQVRIRXU WHVWPRYHPHQW WKHEDFNJURXQGGLIIHUVDQG
GXULQJ WKH ILUVW URWDWLRQ WKH RSWLFDO IORZ FRPSXWDWLRQ LV OHVV EHWWHU FRPSXWHG OHDGLQJ WR HUURUV LQ
HVWLPDWLQJLWVPDJQLWXGH
 RQWKHRWKHUKDQGWUDQVODWLRQVVHHPWREHUDWKHUDFFXUDWHLQWHUPRIUHODWLYHGLVWDQFHUHSURGXFWLRQ
7KHGLVWDQFHVWUDYHOHGE\WKHURERWEHWZHHQWKHGLIIHUHQW WHVWVDUHQRW WKHVDPHEXW LQVLGHDWHVW
WKH\DUHTXLWHFRPSDUDEOHHYHU\VLQJOHWUDQVODWLRQVKRXOGKDYHWKHVDPHPDJQLWXGH

$ERXWWKHWKLUGH[SHULPHQWZHFDQWDNHLWDVDSURRIWKDWRXUDOJRULWKPLQLWVFXUUHQWFRQILJXUDWLRQLVQRWDEOH
WRRXWSXWTXDQWLWDWLYHLQIRUPDWLRQZKLFKFRXOGUHDOO\EHXVHGDORQHDVRGRPHWU\PHDVXUHPHQWV%XWLIZHZHUHWU\LQJ
WRSODFHWKHPRYHPHQWRQDNQRZQPDSRIWKHURERWHQYLURQPHQWNQRZLQJRQO\TXDOLWDWLYHGDWDZRXOGEHHQRXJKWR
KDYHDJHQHUDOSRVLWLRQLQJRIWKHURERW
) ,	
		 
,Q WKLVH[SHULPHQWZHZDQWHG WR WHVW WKHSRVVLELOLW\RIXVLQJRSWLFDO IORZEDVHGYLVXDO IHHGEDFN WRJXLGHD
URERW7KHJRDOLVWRKDYHRXUURERWUXQQLQJLQDVWUDLJKWOLQHRQO\RQWKHEDVLVRIWKLVYLVXDOIHHGEDFN*LYHQDQLQLWLDO
FRPPDQGRIVXSSRVHGVWUDLJKWPRWLRQLIWKHPRWRUVJHDUVZKHHOV«ZHUHSHUIHFWJLYLQJWKHVDPHFRPPDQGVWR
ERWKPRWRUVZRXOGOHDGLQDSHUIHFWVWUDLJKWPRWLRQWKHURERWVKRXOGGHWHFWDQ\GULIWWRWKHOHIWRUWKHULJKWE\ORRNLQJ
DWWKHRSWLFDOIORZDQGFRUUHFWLWE\DQDSSURSULDWHRSSRVHGVWHHULQJ7KHLPSRUWDQWLVVXHLQVXFKDYLVXDOIHHGEDFN
GHYLFHLVWKDWLWLVFRPSOHWHO\LQVHQVLEOHWRZKHHOVOLSSDJHDQGRWKHUHQYLURQPHQWGHSHQGHQWRGRPHWU\SUREOHPV7R
FKDUDFWHUL]HWKHPRYHPHQWVPHDVXUHPHQWVRIGULIWDQGKHDGLQJHUURUVDUHPDGHVHH)LJ
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








)LJ'ULIWDQGKHDGLQJHUURUPHDVXUHPHQWXVHGWRFKDUDFWHUL]HWKHUHOLDELOLW\RIXVLQJYLVXDOIHHGEDFNWRJXLGHDURERW
+HDGLQJHUURU
'ULIWHUURU
,GHDO VWUDLJKW
PRYHPHQW
5HDOPRYHPHQW
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


7KHH[SHULPHQWKDVEHHQFRQGXFWHGLQGLYHUVHHQYLURQPHQWVZHDOZD\VVWDUWE\UXQQLQJWKHURERWLQRSHQ
ORRSPRGHLHZHJLYHKLPWKHLQLWLDOVWUDLJKWPRWLRQFRPPDQGEXWLWUXQVRSHQORRSDQGWKHQZHPDNHWKHVDPH
UXQPXOWLSOHWLPHVZLWKYLVXDOIHHGEDFNDQGGLIIHUHQWSURJUDPVHWWLQJV(DFKWLPHZHPHDVXUHGULIWDQGKHDGLQJHUURU
$VRQHFDQVHH7DEOHYLVXDOIHHGEDFNDOORZVWRDFKLHYHEHWWHUUHVXOWVWKDQRSHQORRSFRQWURODQGFRXSOHGZLWK
REVWDFOHDYRLGDQFHZRXOGEHVXIILFLHQWWRJXLGHDURERWDVORQJDVSUHFLVLRQLVQRWZDQWHG7KHODFNRISUHFLVLRQLV
GXHWRWKHGHWHFWLRQDQGPHDVXUHPHQWRIGULIW7KHUHSHDWDELOLW\RIWKHPHDVXUHVEHLQJYHU\ORZZHDUHQRWDEOHWR
FUHDWHDJRRGFRQWUROOHUIRUWKHURERW7KHDFWXDOFRQWUROOHULVRQO\DVRUWRILQWHJUDWLYHFRQWUROOHUDVORQJDVWKHUH¶VD
GHWHFWHGGULIWLQDQ\GLUHFWLRQWKHFRQWUROOHUNHHSVRQVORZLQJWKHVSHHGRIWKHRSSRVLWHZKHHOZKHQWKHURERWGULIWV
WRWKHOHIWZHVORZGRZQWKHVSHHGRIWKHULJKWZKHHOWRFRUUHFWLWZLWKRXWWDNLQJLQWRDFFRXQWWKHPDJQLWXGHRIWKH
GULIW 7KXV RXU URERW LV QHYHU JRLQJ VWUDLJKW LQ D VWDEOHZD\ EXW KDV D ]LJ]DJ VRUW RIPRWLRQZLWK WKH DPSOLWXGH
GXUDWLRQ RI WKH ]LJ]DJ EHLQJ GLUHFWO\ UHODWHG WR WKH VL]H RI WKHPRYLQJ DYHUDJH XVHG WR VPRRWK WKH RSWLFDO IORZ
YHFWRUV'HFUHDVLQJ WKHVL]HRI WKHPRYLQJDYHUDJHKDVQR UHDORYHUDOOHIIHFWRQ WKHPDJQLWXGHRI WKHHUURUVEXW
YLVXDOO\OHGWRDPRUHµQHUYRXV¶PRWLRQ

(QYLURQHPHQW
GHVFULSWLRQ
7\SHRIPHDVXUH 'ULIWHUURU>FP@DQG
GLUHFWLRQ
+HDGLQJHUURU
>GHJUHHV@
2SHQORRS WRWKHOHIW 
2IILFH
HQYLURQHPHQW
FDPHUDSRLQWLQJDW
DERRNVKHOI
PHWHUVDZD\$
0HDQYDOXHVIRU
FRUUHFWHGPRWLRQ
DEVROXWH 
2SHQORRS WRWKHULJKW 
,QGRRU
HQYLURQPHQW
FDPHUDSRLQWLQJDW
FKDLUVDQGWDEOHV
EDFNJURXQGIODW%
0HDQYDOXHIRU
FRUUHFWHGPRWLRQ
DEVROXWH 
2SHQORRS WRWKHOHIW 
,QGRRU
HQYLURQPHQW
FDPHUDSRLQWLQJDW
DGLVWDQW
EDFNJURXQG&
0HDQYDOXHIRU
FRUUHFWHGPRWLRQ
DEVROXWH 












$%&

7DEOH(QYLURQPHQWDQGPHDVXUHPHQWIRUWKHJXLGDQFHH[SHULPHQW

/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


,QRUGHUWRLPSURYHWKHPHDVXUHPHQWRIGULIWVDQGLQDPRUHJHQHUDOZD\RIGLVSODFHPHQWVZHZRXOGQHHG
DPRUHHIILFLHQWPHWKRGWRFRPSXWHRSWLFDOIORZWRKDYHPRUHUHOLDEOHTXDQWLWDWLYHPHDVXUHPHQWV2QWKHRWKHUKDQG
RXU FXUUHQW DOJRULWKP FRXOG GLUHFWO\ EH XVHG DV D EDFNXS GHYLFH IRU WKH µPHFKDQLFDO¶ RGRPHWU\ ,W FRXOG GHWHFW
VOLSSDJHRU FRQWUDGLFWLRQVEHWZHHQ WKH UHHOPRYHPHQWRI WKH URERWDQG WKH WKHRUHWLFDORGRPHWULFEDVHGRQH DQG
HYHQWXDOO\DXWRPDWLFDOO\FRUUHFWWKHPRWRUVFRPPDQGVRYHUULGLQJWKHRGRPHWU\IHHGEDFN

- .

7KHILUVW WKLQJWRXQGHUVWDQGDERXWWKLVZRUN LV WKDW LWVDLPZDVWREHWKHVWDUWLQJSRLQWRID ORZFRVWPXOWL
SXUSRVHYLVLRQEDVHGVHQVRUIRUPRELOHURERWLFV:HFKRVHWRIRFXVRXUVHOYHVRQWKHXVHRIWKHRSWLFDOIORZVRZH
KDG WR GHYHORS DQ DOJRULWKP FDSDEOH RI FRPSXWLQJ RSWLFDO IORZ LQ D UHDO WLPH PDQQHU ZLWK FRPSXWDWLRQ SRZHU
OLPLWDWLRQV,QLWVDFWXDOFRQILJXUDWLRQSODFHPHQWRIWKHVXELPDJHVQXPEHURIRSWLFDOIORZYHFWRUV«RXUDOJRULWKP
KDVFRUUHFWO\ UHDOL]HG WKHDLPVZH IL[HGDW WKHVWDUWRI WKLVSURMHFW TXDOLWDWLYH'2)PRYHPHQW FODVVLILFDWLRQDQG
URERWPRYHPHQWFODVVLILFDWLRQEXWLVQRWGLUHFWO\XVDEOHRQDUHDOURERW+RZHYHUKHUHDUHVRPHLGHDVRIZKDWWKH
QH[WVWHSRIWKLVSURMHFWVKRXOGEHLQRUGHUWRUHDOO\FUHDWHDQXVDEOHVHQVRU

 ODWHUDO REVWDFOH GHWHFWLRQ FDQ VXUHO\ EH LPSOHPHQWHG XVLQJ WKLV DOJRULWKP EXW ZLWK D GLIIHUHQW
SRVLWLRQLQJRIWKHVXELPDJHV)RUH[DPSOHE\ORRNLQJRQO\IRUWKHRSWLFDOIORZYHFWRUVRIWKHVLGHVRI
WKH LPDJHV VHH )LJ  DQG FRPSDULQJ WKH GLIIHUHQFH EHWZHHQ WKH OHIW DQG ULJKW YHFWRUV¶
PDJQLWXGH7KH VDPH FRQILJXUDWLRQ FRXOGEH XVHG IRUQDYLJDWLQJ LQWRDKDOOZD\DQG VWD\LQJDW LWV
FHQWHUE\HTXDWLQJOHIWDQGULJKWYHFWRUVPDJQLWXGHV$QGHYHQRXUDOJRULWKPZLWKLWVSRRUTXDOLW\RI
TXDQWLWDWLYHLQIRUPDWLRQZRXOGEHHQRXJK

 IURQWDOREVWDFOHGHWHFWLRQFRXOGEHGRQHWKHVDPHZD\XVLQJDVRUWRI ORRPLQJZHFRXOG MXVWXVH
WKHDFWXDO VXELPDJHFRQILJXUDWLRQDQGZKHQPRYLQJ WKH URERW IRUZDUGDWDQDSSUR[LPDWHNQRZQ
VSHHGGHFLGHZKHWKHUWKHUH¶VDQREVWDFOHLQIURQWRUQRWE\ORRNLQJDWWKHPDJQLWXGHRIWKHRSWLFDO
IORZYHFWRUV DVZHNQRZ WKDW WKHQHDUHU IURPDQREMHFWZHDUH WKHELJJHU WKHGLYHUJHQFHRI WKH
YHFWRUVZLOOEHZKHQJRLQJWRZDUGLWDWDFRQVWDQWVSHHG$JDLQWRGRREVWDFOHDYRLGDQFHLQVXFKD
FDVHZHGRQ¶WUHDOO\QHHGUHOLDEOHTXDQWLWDWLYHLQIRUPDWLRQIURPRXUYHFWRUILHOGEXWRQO\DTXDOLWDWLYH
6XELPDJHV SRVLWLRQLQJ IRU
ODWHUDO REVWDFOH DYRLGDQFH
DQGRUFRUULGRUQDYLJDWLRQ












)LJ7KHVXELPDJHVSODFLQJLQDFRUULGRUIROORZLQJRUODWHUDOREVWDFOHDYRLGDQFHPRGH
/RZRYHUKHDGRSWLFDOIORZEDVHGURERWQDYLJDWLRQ6'H\'LSORPD


NLQGRIWHQGDQFHZKLFKZLOOQRWWHOOXVµ\RXDUHDW;PPIURPDQREVWDFOH¶EXWUDWKHUµ,WKLQNWKDWZH
VKRXOGWXUQEHFDXVHWKHUHFRXOGEHDQREVWDFOHLQIURQWRI\RX¶

 XVLQJRXUDOJRULWKPDVDFRPSOHPHQWIRURGRPHWU\

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